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Abstract

J Alternaria brassicae 1s an important pathogen worldwide
and causes the black spot _disease of canola. Generally,

Brassica napus is less susceptible to this disease than B.

-

cappestris, ang the amount of epicuticular wax is at least
one .of the factors iqvolved in thié differeﬁce. This study
explored the effects of wax on the retention and germination
of -the conidia  of A. brassicae’ oﬁ leaves of the céhola~
'Cultiva;s Candle, Tobin (B. camgestris),é Kltex and ‘hestar
(B. _gggﬁé). ‘ Wax ultrastructure and chemisnrf were
~investigated to determine if they were also involved in the
 differen; susceptibility of the two host species.

| ‘The leaf epicuticular wax in canolérappeared to confer

lower susbeptibility‘to A. brassicge in at least three ways.
‘ By creaflﬁg a hydrophopiC’ éurface, .the wax reducéd ‘fhe
* retentioh ”of conidia, ana perhaps by impeding-the,movement‘
qof,exudates, it reduced the germination rate of the ‘conidia~
and the number<of‘germ tubes produced’by each conidium., The
vax was no£ found to haye any fungistatic effect.

There were no. appreciable .differences in the
ultrastructure or the chemical Composition of the waxes
amohg the four qultivars. Theirn SUrf;ces were covered with
an evenly distributed lafer ofdwax crystals suéerimposed on
an- amorphous layeruof wax., Some trends such as the density
the wax on the leéves:énd fruits’ appeared to be species

specific, whereas whe density of the wax on the stems did

- not. The density 6£ wax was high on the s;yhs of all four

Cive



v
cultivars. Also, the younger Leaves of B. campestr:s had: a
much higher density .of wax than the older leaves. The

amount of wax on the leaves was determined by extracting the

wax. Brassica napus had on an average more than twice as
much wax as B. campestris. fheré appeared tc be a: least
three iypes of wax «crystals present. . These 1inciuded
plate-1like crystals, filameEtous, sometimes branched

crystals, and rods, present singly or forming blocks. Tneir

waxes consisted of nine majpr classes of constituents.
These included  alkanes, | esters, ketones, aldehydes,
sec~alcoholsh ketols, prim?alcohols; triterpenols and fatty
-acids. The major constituents of the waxes were C,, alkane,

C,, ketone, C,, sec-alcohol and C,.,-C., esters.

-\

The ffeeze-drying .and the air-drying methods of
sp?cimen preparation for SEM examination of the wax 1aygp
wefg compgred. The freeze-drying method resulted in
disfup;iod-and\yashing away of Rﬁe wax crystals,ﬁﬁwhereas

\ ’ .

there was no visible damage with the air-drying method.

{ -
‘Tng;}esser susceptibility of.B. napys to A. brassicae

)
/

relative to ‘that of B. campestris, appears to be, at least
in part, due to higher amounts of epicuticular wax and not

to any other differences in ultrastructure or chemfstry of

the waxes.
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Chapter 1

General Introduction

A. Preface

Cultivation of Canola (Rapeseed)

—
.

Rapeseed 1is grown worldwide largely for the edible ofl
and meal content of the seed and is a major cash crop 1in
western Canada. In western Canada two major species of

rapeseed are grown. One of them i1s Brassica campestris L.,

also referred to as summer turnip rape or Polish rapeseed,

and the other one 1s Brassica napus L., also referred to as

summer rape or Argentine rapeseed. Over the years, Canadian
plant breeders have improved the quality of rapeseed by

decreasing the erucic acid and glucosinolate contents of the

-

seed (Martens et al., 1984). The name canola has been given

to specific cultivars of rapeseed which havgioil that 1s low

»

in erucic acid (<5%) and meal that is low in glucosinolate
(<3 mg/qg of moisture-free and oil-free meal) (Vaisey-Genser
and Eskin, 1982). Most of the rapeseed cultivars now grown
in- Canada are . of canola quality. Throughout tﬁis thesis:
both the terms rapeseed and, canola will be used. '

The fruits of canola are commonly called pods, but the
correct term is siliques. The term pod refers to a fruit
yhich has one carpel and one locule, wusually with one

L}
dehiscing suture, like that of the legume family. A silique

"

refers to a fruit which.has two carpels and two locules, _
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with the pericarp dehiscing into two halves, leaving the
membranous septum with seeds on it. ;his type of fruit 1is
found 1n the rapeseed family. Many cuitivars and landraces
of rébegéed' grown 1i1n the Orient depart from this general
type 1n . having one to several locules. However, all
cultivars of rapeseed grown in Canada have fruits that are
bilocular. Throughout this thesis the general term fruits

will be used instead of the terms siliques or pods.

2. Alternaria Black Spét Disease

“The fungi Alternaria brassicae (Berk.) Sacc. and A.
raphani Groves & Skolko are found worldwide (Weiss, 198%)
2

and cause a disease on rapeseed known as Alternaria Black or

Grey Spot. These fungi are capable of causing the disease

together or alone. Alternaria brassicae is the species that

has been 1solated most frequently from diseased material in

Alberta. A. brassicicola (Schw.) Wilts. causes a similar

disease which is important in Europe and the United States
o
(Petrie, 1975). 1t is found in Canada only sporadically on
?
garden crucifers. The requirement' of higher temperatures

‘for fast spore gerpination appears to impede the prevalence

of this pathogen in western cCanada (Degenhardt et al.,

.

1982). A strdin of another species, A. alternata (Fr.)

Keissler, from Alberta is also reported to be capable of

caﬁsing “leaf spotting and floral blight in B. campestris

(Vaartnou and Tewari, 1972). This thesis involved the study
. )

of A. brassicae only. Lo

%

o
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Alternaria Black- Spot disease 1s present every year,

wherever rapeseed 1s grown, and unde; proper moilsture
conditions can cause severe damage. This 1s a major disease
of rapeseed in Canada (Degenhardt et al., 1974; Petrie,”
1973). Degenhardt et al, (197QJ 'reporied experimental

L]

yled losses of 34 to 70% depending on. the host-pathogen

)
+
by

comblnations.

fhe symptoms of the disease include lesions on 1eavé§;
stems and fruits. Lesions start as smglllg}ayish—bléfk
specks which gnlarge to become .spots with grayish-black,
often concentrically zonate centers, surrounded by Chlofotip
areas. These lesions“#ause accelerated senescence of the
leaves and reduce the photosynthetic area of the plant,
which in turn reduces the vigor of the plant. Heavy
infections can result in severe defoliation. Fruits with
infected pedicels fail to develop and drop off. Severely
infécted fruits contain shrunken and infected seeds. The
infecteé fruits dry, shrink\ and sﬂétter © easily when
harvested, dropping the seed to the ground. Infection
reduceé the yield of oil extracted from the séed and réduz;é'
the protein content of the meal (Degenhardt et al., 1974).
1f ihfécted seed 1is planted, pré— or post-emergence

damping-off can occur. The hypocotyls and cotyledons of
) S

‘surviving seedlings may be infected with conidia produced on

damped-off seedlings (Martens et-al., 1984; Nyvall, 1979).

Alternaria brassicae produces large multicelled conidia

(spores) and wunder unfavorable conditions can also form



>

microsclerotia and chlamydospo;es (Tsuneda and Skoropad,
1977). Although conclusive evidence is still lacking, these
structures\ may allow the fungus to'overwiﬁter on 1infected
cancla debris and on seed. Infeétions are caused by the
pathogen sporulatiﬁg on the seed and on plant‘debris or in
"lesions oglliving plants. Also,‘severai cruciferous weeds
are hosts 'on which the fungus can potentially overwinter. .
Since the conidia of A. brassicae are large, they are
p:obablj’,not disperéed for‘lomg distances by wind. Their
spread‘from plant to plant is most likelf by splashing rain

droplets.

. . \ : . .
This disease can be controlled by sowing disease-free

seed, rotation of rapeseed for a minimum of three years with
non-cruciferous crops, plowinq under 1nfected residue, and
by controiling’ volunteer rapeseed and cruciferous weeds.
There 1is ‘no fungicide presently registered in Canada
.specifically for use agaiqst A. brassicae. However the

1

antibiotics Polyoxin B and D have been found to \be very
kY

. 1
effective .in controlling A. brassicae on rapeseed (Tewari

and Skoropad, 1979). Nectria inventa Plowr. may possibly be

used as a biological control agent for A. brassicae.

Nectria inventa 1is a destructive mycoparasite of A

brassicae that suppresses its vegetative growth and

sporulation (Tsuneda and Skoropad, 1978).

U



"B. Roles of Plant Epicuticular Wax

1.‘ Plant Surface Wettability )

When a droplet of water sits on a leaf surface, the
contact angle between the leaf surface and the water droplet
1s determined by the sarface tenéion forces between the two.
Thé.’E contact angle 1s smaller betweén a droplet of water and

. “x .

a hydrophilic surface, and larger bétweén a drop%éi-of water
and a hydrophobic surface. The i;rger the contactfangje[
the lower the wettability of a surface. . : T

It has been found that. contact angle measurements
correlate well with the degree of glaucousness of a plant
surface, and 1indicate the types of wax structure present
(Hall et al., 1965; Holloway, 1969b; Merrall, 1961; Netting
and von Wettstein-Knowles, 1973; Tewari and Skofopad, 1976

Troughton and Hall, 1966), Glaucous leaves that have

-contact angies greater than 120° have many deiosits of

rodlet or platelet type wax which stands out from the 5 leaf.

T

surface

Hall et al., 1965). snfact angles of less than

110° indica th e droplet 1is in contact with a more

hydrophilic cuticle surface (Hall et al., 1965). If the wax

components are considered indiyidualé’n the alkanes are the
. “ .

most hydrophobic, with esters, _ketones and secondary

alcohols being closely behind (Holloway, 1969a).



2. Cuticle Permeability

It has been demonstrated that the decreased weftability
of a glaucous plant surface decreases the permeability of
the cuticle. Norris and Bukovac (1974) demonstrated that
removal of wax from pear leaves increased the penetration of
naphthaleneacetic acid 1into the cuticle. Norris (1974)
demonstrated that removal of the wax from leaves of tomato
increased the penetration of 2,4-D. Thus, the epicuticular
wax impedes the uptake of foliar-applied chemicals (Hunt and
Baker, 1982). To 1increase the absorption, spreading,
cutting and sticking ability of herbicides; chemicqls known
as surfactants are frequehtly_added (Cantliffe and Wilcox,
1972; Kuzych and Meggitt, 1983). rKuiych and Meggitt (1983)
demonstrated that gurfactants accomplish this by altering
the epicuticular ;ax structure.

One method used to demonstrate the effectbof wax on
permeability has been the use of chemicals that inhibit wax
.formgiion. ~Flore and Bukovac (1981) used a pesticide
(S-ethyl dipropylthiocarbamate) to inhibit epicuticular wax
production on the developing leaves of cabbage, resulting 'in

ah_increase in cuticular permeability.
; ) % £

3. Water Balance (Transpiration)

The decreased permeability of the cuticle due to
epicuticular wax reduces transpiration. Schonherr (1976)
.demonstrated that the removal of wax from isolated cuticular.

membranes of pear leaves increased their water permeability



/ //// A
by a factor of /BOC to 50C. revic and Radler (1567)

+

demonstrated that the epicuticular\wax on grapes decreased

transpiration, and that the ohol, hydrocarbon and

the components 1nvolved.

Wax 1s very i1mportant 1n regulating plant transpiratier

aldehyde fractions of the wax wer

{Denna, 1970a,b; Hamilton and Hamilton, 1972). Some -plants,
such as carnations, are grown from shoot-tip cultures, aﬁd
1t has been found that under these’ condit{dné epicuiacular
wax production 1s decreas;d (Sutter and Langhans, 1982). 1t

has been suggesteq :that desiccation after transfer of plants

]
from in vitro conditions m&yﬂ”be the result of poor
eplcuticular wax formation (Fuchigami et gl.{ 1981; Sutter

and Langhans, 1982).

4.1 Defence Against Plant Disease
L . i *
fdﬁé role of plant epicuticular wax in providing disease
resistance 1s important 1in many d&seases. The "physical and
chemical characteristics o; the leaf surface are the firgt
barriers encountered by an .1invading foliar pathogen

(Hargreaves et al., 1982; Martin‘and Juniper, 1970).
a) Antimicrobial Effect of Wax
Blakeman and Atkinson (1981) reviewed the
information on antimicrobial substances associéted with
the aerial surfacgs of plants. They pointed out that iﬁ
the majority of reports, the site of origin of 'isolate?
compounds "had not beén determined. 1In many cases, it

was not known whether active compounds had been isolated-

v



from the epicuticuldr wax, the cutl\cle as a whcle, or
hY
. \ Vi
from 1internal tissues. They pcinted out that there was
Yy P =

\

\

great variability in the extraction tedhnigues used and
that this made the compar:son of ddta from different
sources very %ﬁfficult. Ho&everf'tbere have been some
studies which demonstrated that constituents of certain

epicuticular wagxes were antimicroblal. Fatty and resin

acids from needle epicuticular wax of Pinus radiata D.
Don were shown to be highly fungistatic agailnst

Dothistroma pini Hulbary (Franich and Gadgil, 1983).

The compounds 1nhibited both spore germination and
N

’

mycelial growth in vitro. The epicuticular wax from the

berries and .leaves of Coffea arabica L. was shown to be

toxic to Colletotrichum coffeanum Noack, the causal

organism of coffee berry disease (Lampard and Carter,

1973). Two antifungal isoflavones, lutebne and
wighteone, were found to be associated with the Teqf

epicuticular wax of Lupinus albus L. and may have a role

in preventing the penetration of the cuticle by A.

brassicicola and Botrytis cinerea Pers. ex. Fr.

(Harborne et al., 1976; Hargreaves et al., 1982).
Martin et al. (1957) found apple 1leaf wax to be

fungistatic against the powdery mildew Poddsphaera
[

leucotricha and reduced the germination of the conidia

of this pathogen. The surface wax from ‘the leaves of
beetroot was found to inhibit the germination of B.

cinerea spores (Blakeman and Atkinson, 1976; Blakeman:

e
W



and Szeinberg, ST Sharma 384 studied the
chemistry <¢f the leaf epicuticular wax .n severa.
cuitivars of rapeseed grown in india that show

~differences 1n susceptibility to A. brassicae and A.

brassicicoia. Sharme (1984) found differences in the

chemistry of the waxes among cultivars and indicated the
possibiligy that this was 1nvolved In the resistance of
some -~ cultlivars to these fungi. However, there was no
evidence provided to link the differences in resistance

to the differences in chemistry of the wax.

b) Effecg of Wax on Plaht Leachates

The reduction 1in wettability‘and permeability of
the cuticle by the epicuticular wax also reduces the
amount of leaching from a plant (Blakeman, 1973; Tukey,
1970,1971). It has been demonstrated that both organic
and inorgaﬁic substances accumulate in water that is in
contact with plant surfaces. Some of these materials
originate from outside the plant as deposits from the
atmosphere such as mineral particles, pollen grains and
rain water (Godfrey, 1976). A greater proportién of
these materials, however, originate from within the
plant and pass through the cuticle into w&ter in contact
with the surface (Godfrey, 1976) . This movement of
plant exudates is referred to as leachiqg: The
leachates include a large number of substances: such as
simpie sugars, all amino acids known to occur in plants,

organic acids, growth regulators, vitamins, alkaloids,

.
-



gnenc.s anc all the essent.a. Tlnera.s

It i1s xrnown that leachates can be Utilized by bot

18973) . Fcr example, anthran:lic ac:d :n the leachates

from banana fruits was found to stimulate germination

and appressorium formation by Colletotrichur musae(Berk.
and Curt) Arx (Harper and Swinburne, 1979). Germjnation
of thel conldia of B. cinerea was stimulated by sucrose
and fructose present in the leachates from grape berries
J(K05uge and Hewitt, 1964).

Thus, by reducing the movement of plant exudates,

t he epicuticular wax may indirectly reduce the

susceptibility of the plant to disease.

A method of disease control that is being considered,
is the spray application of waxes and plastic polymers to
enhance the effect of thg epicuticular wax. Ziv and
Frederiksen (1983) e;aluatéd several waxes and plastic
polymers as protectants against foliar pathogens on maize,
sorghum and wheat. They found that these products reduced

the sgverity of several diseases (anthracnose, leaf blight,

rust,.ﬂbwny mildew and powdery mildew).

5. Otgpc Roles of tR® Wax .

Krause and Houston (1983) found that epicuticular wax

-

was involved in »S0,-tolerance of white pines. They found



stomata cf +the needles, whereas . ST,-sers.t:ve cCLones
. .
theMe was @ sp.iit Oor crack 1n the wax cover.ng the stcmata.
The cracks maey enhance gaseous-exchange, which wouid resulr
1n increasecd SO, absorpticon (Krause and Houston, “3983).
Haines. et ai. (1985) found that leaf wettab:l:ty rmTay
be an important determinant of foliar damage by ac:d ra:in.
They found & positive correlation between leaf wettability
and susceptibility to acid rain.
" The ep:cuticular wax may aiso provide prctection
against UV radiation. It 1s known that the epidermal cells

are damaged by enhanced UV radiation (Hall et "al., 1975;

Tevini et al., 1981). It was shown that the structural

arrangement of‘ihe wax increased the reflectance of the UV-B
radiation as well as visible light (Clark and Lister, 1875;
Robberecht and Caldwell, 1980). Steinmuller and\iTevini
(1985) demonstrated that enhanced UV-B levels caused an
increase 1n the total wax in barley, bean and cucumber
leaves by ~25%. This may indicate that plants respond to
enhanced UV by eroducing more epicuticular wax for
protection.

It has been sugge;ted that glaucousngss may protect a
plant from frost damage. Barber (1955) stﬁdiéd Eucalyptus
sp. and found a correlation between the degree of
glaucousness' in an area ana the %rost ac;ivity there, with

the more gléucous plants occurring in frost prone

localities. He suggested that this may be a result of

-
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natural selection. However, there Was no direct evidence

o g
provided to link glaucousness to frost hardiness.

I
" The epicuticular waxes of many plants affect the

a

feeding behavior of insects (Woodhead, 1983). Many insects
- [ 4

select (plants for feeding on the basis of the chemistry of

t he leagtsurtace. Woodhead (1983) demonstrated that the

& o

epicuticu}ar wax of young Sorghum bicolor leaves contained a

number of chemicals théi‘deserred t he feeging by Locusta

»

migratoria L. Thus the epicuticular wax of some plants
> » N . " -

protects them from insects.

o

-

o
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C. Ultrastructuré and Formation of Epicuticular Wax
1. Ultrastructure of the Wax

Plant epicuticular wax’:is composed of an amorphous
layer upon which may be superimposed crystalline structures
in the form of plates, tubes, ribbons, rods, filaments or
dendrites (Baker, 1982). These wax crystals form a, "flufty"”
layer on top of the amorphous layer of wéx. Baker and

’

Parsons, (1971) were able to demonstrate a thin layer of wax

on the cuticular surface of Brassica olergcea L. This was

studied by <cross-Batching the leaf surface with a wire and
then observing the leaf by Scanning Electron Microscopy

(SEM) . Many of the «crystals that comprise the "fluffy"

- ’

~

Tayer project away from the leaf surface forming a "forest"
of wax «crystals. If this layer of wax is dense enough, it

W |
causes the leaves to be glaucous imparting a bluish

coloration or "bloom” -to the leaf surface due to the

reflecting properties of the wax. Plants may possess heavy
Gpposits of wax, but if the wax is amorphous or has only

-

lit?le cry%talline structure, they are not termed as
glaucous, gﬁt aré referred to as being waxy.

The ultrastructure of plant epicuticular wax has been
reviewea by a number of authors (Baker, 1;%2; Caldicott and
Egiinton, 1973; Hadley, 1981; Hamilton and Hamilton, 1972;
Martin ~“and Juniper, 1970). In many plants the "fl:;fy"
layer of wax consists mainly pf a single type of wax.¢rystal

(Baker, 1982). For example, there are predominantly plates

-
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on Plsum sativum L. leaves (Baker and Holloway, 1971), tubes

on Ginkgo biloba L. leaves (Jeffree et al., 1976), ribbons

on Fragaria ovalls leaves (Baker and Parsons, 1971) and

filaments on- Eucalyptus globulus Labill. leaves (Baker and

Parsons, 1971). However 1n Brassica the "fluffy”™ layer of
wax 1s usually a composite of wax c¢rystals. For example,
the leat surface of B. oleracea contains rods and filaments
’(Hall et al., 1965). The types of wax <crystals that have
been reported on rapeseed 1nclude piatqs, rods and tubes
(Armstrong and Whitecross, 1976; Holloway et al., 1977;
Tewari and Skoropad, 1976; Whitecross and Armstrong, 1972;

Wortmann,, 1965) .

2. Biogenesis of the Wax

An intriguing and unresolved question with respect to
the epicuticular wax i1s how the wax passes through the plant
cuticle to reach the surface. It 1s known that wax is
synthesized in the epidermal layer of cells,'ana reaches the
surface as soon as it is synthesized (Kolattukudy, 1970).
Mueller et al. (1954) observed that the distribution of wax
deposits on B. oleracea leaves was approximately constant
during leaf,éxp@nsion, suggesting that new wax deposits are
interposed between the older deposits as the epidermal cells
multiply and expand. For the wax to reach the surface, it
has to pass through the cellulose wall of the epidermal
cells, through a pectin layer: through a mixed layer’ of

cutin, wax and carbohydrate polymers, and finally} through a

L)
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cutin and wax layer (Fig. -1). As the wax migrates to the
surface some of it impregnz;tes the cutin layerépf t he
cuticle.

Four theories have been put ‘forth to expla:n the
movement of wax. The first theory proposes that the plant
cuticle contains pores or channels through which the wax
components or wax precursors pass (Baker, 1982). A few
studies, wusing SEM and Transmission Electron Microscopy
(TEM), have provided evidence of pores and channels 13' some
plants, but many more have failed to find any evidence of
them (Baker, 1982). It is possible that in the few plant
cuticles 1n which pores and channels can be seen, wax does
pass through them, but since pores or channels are not
universally found in plants, this theory cannot be
generalized.

A second theory 1is the liquid extrusion theory which
holds that wax 1s extruded under pressure _ through the
cuticle 1in the form of a soft paste (Baker, 1982). However
this theory is not very likely for two reasons. The first
is that for wax to be extruded as a soft paste, there would
have to be channels 1in the cuticle, which are not present in
most plants. ‘The second reéson 1s that wax components have
relatively high melting points, which makes it unlikely that
wax could be retained in a semi-solid state priér to

@ .
extrusion (Baker, 1982).

A third theory 1is the polymerization theory in which

wax precursors formed in the cell diffuse through the

’



Figure 1 _

Schematic Representation of the Structure of a Leaf
Cuticle (A).

B Epicuticular wax

C Cutin and wax

D Cutin, wax and carbohydrate polymers

E Pectin

F Cellulose wall of epidermal cells

Adapted from Hadley (1981), Jeffree et al. (1976) and

Kolattukudy (1970).
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cuticle and polymerize at the surface +to form the wax
crystals (Baker, 1982). However, barring a few exceptions,
polymeric constituents have not been identified in plant
waxes (Baker, 1982). Also this theory proposes that newly
exuded wax pushes the polymeric material away from the plant
surface leaving the most recent wax at-the base of the
crystalline structure, but 1t has been shown By Baker (1974)
that wax crystals can form at the tops of existing rods and
tubes.

A fourth theory is the crystallization theory in which
wax components are carried through the cuticle in a volatile
solvent and crystallize at the plant surface (Baker, 1982).
Research on the recrystallization of extracied wax 1s
providing direct evidence for this theory. It has been
shown that under appropriate conditions wax is capable of
organizing itself into crystalline structures independently
of the underlying cells. Jeffree et al. (1975) used a model
system which showed that extracted wax can crystallize into
wax crystals with shapes and dimensions similar to those on
the intact plant sufface. They also sh&wed that when the
wax was fractionated into its different components, and the
fractions recrystallized seﬁuentially, the resulting
crystals more clbsely resembled those on the intact leaf
surface, than when the whole wax was recrystalized. This
indicated that. the wax constituents may be secreted to the
surface 'in a definite sequence, or perhaps be delivered at

different sites, rather than as a homogenous mixture. From



~, ’
xA
recrystallization experiments 1% was fcun@ that the
morphoicgy of wax crystals was alsc influenced by the rate
of crystallization (Jeffr et al., S976).

Thus, it may be that after wax synthesis, the epidermal
cells and cuticle play no further role in the development of
the ultrastructure of plant surface waxes. The fact that
extracted wax can be recrystallized in a form identical to
that on the plant surface is evidence against any chemical
modification of the wax at the plant surface after
excretion. The «crystallization theory assumes that the

epidermal cells contain enough volatile solvents to carry

the wax to the surface, but it is not known if this is the

case. The carrier solvents would have to be organic
solvents because the wax 1is 1insoluble 1in an aqueous
solution. Some possible solvents that have been suggested

are short-chain aldehydes, ketones, alcohols, and 1-hexane

{(Tulloch, 1976).

3. Effect of Environmental Conditions on Wax Production

The type, size and distribution of epicuticular wax
crystals can be signyticantly modified by environmental
con@itions. Environmental factors such as temperature,
light intensity, humidity and soil moisture can affect the
quantify of wax and 1its  wultrastructure. Armstrong and
Whitecross (1976) and Whitecross and Armstrong (1972) showed
that leaves of B. napus were more densely covered with vax

-

at higher temperatures and light intensities. Wardle et al.
- » N

%
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(983} demonstrated that plantlets of B. oleracea cultured
under reduced humidity developed larger guantities of
surface wax. Hunt and Baker (1982) demonstrated that pea

leaves had increased wax production in response to decreased
soil molsture content and increases in vapour pressure
deficit. Darnell and Ferree (1983) showed that the
production of epicuticular wax on apple leaves increased as
soll water potential decreased. These 1increases In wax
production 1indicate the importange of wax 1n reducing water
lo;s in plants. The  ultrastructure of: wax can also be
modified by environmental factors. Armstrong and Whitecross
(1976) and Whitecross and Armstrong (1972) found that as the
temperature was 1increased tﬁeré was a transition in the
ultrastructure of the -wax on leaves of B. nagué, from rods
at day/night temperatures of 15°C/10°C to wax platelets at
higher temperatures of 27°C/22°C. An increase in the
proportion of platelets to .rods would decrease the water
loss from the leaves. Baker (1974) found that increases in
light intensity 1increased the size of the wax tubes in B.
oleracea. .
It  appears that the environmeﬁtally 1induced changes in
wax structure occur more readily in epicuticular waxes that
are structuri}ly complex than ih those in which a single
component is dominant (Hunt et al., 1976; Jeffree et al.,
1976). This ‘would mean that the epicuticular wax in
Brassica species is more sensitive to environmental factors

than that in other plants with structurally less complex



o]

waxes.,

4. Methods Used to Study the Morphology of the Wax Layer
Most ®f the arlier stydies on the ultrastructure of
eplcuticular wax werg done using TEM of carbon replicas of
.
the wax surface. While in some cases these technigues
revealed the types of wax crystals present (Davis, 1971),

-

] ) .
these technigues cannot demonstrate the orientation of wax
crystals on the surface. Then, SEM/  technigues were
developed which revealed better the ultrastructure of the

L

wax. There have been many SEM techniques used. Parsons et

al. (1974) and Falk et al. (1971) compared many different

techniques for SEM and found. that they varied greatly in
their results. This has led at times' to ’conflicting
interpretations of the leaf surface. Falk et al. (1971)
also found that osmium tetroxide vapor was the best chemical
fixative for this purpose.

A more recent technique used 1s cryostage SEM, in which
the SEM 1s fitted with a cold stage and the specimen 1is kegf
at a very low temperature. Howe;er, Jeffree and Sandford
(1982) demonstrated that care should be taken when wusing
cryostage SEM because the specimen can become contaminated
with granular coatings of ice if special precautions are not
taken. They pointed out that this has 1led to wrong
interpretations of wax ultrastructure by some researchers,

Also, in conventional instruments, the cryostage could act

as a cold trap for the other SEM column contaminants, such
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D. Chemistry of Plant Epicuticular Wax

1. Chemistry of the Wax

* The cnemistry of plant ep:icuticular wax has been
reviewed by a number of authors (Baker, "282: Ca.dicotr and
Eglinton, '973; Hadley, !98'; Hami.ton and Ham:lton, 15972
Kolattukudy, 1897¢, 1875, 1980; Tulloch, 1376 ). Wax is

composed of complex mixtures of mainly long-chain aliphatic

compounds comprising a number of classes. Table ! shows the
major classes of constituents occurring 1n plant
eplcuticular waxes. These <classes can be further grouped

according to whether their major homologues are comprised

primarily of even numbers of carbon atoms, odd numbers of

carbon atoms, or are cyclic homologues (Table 1). Many
minor wax constituents have also been 1dentified.
Epicuticular wax chemistry has been studied for many

different ﬁiants and appears to be distinctive for each
plant type. Only a few Brassica species have been studied
so far. These 1include cabbage (Flore_.and Bukovac, 1978;
Ho;loway and Brown, 1977; Macey and Barber, 1970; Netting et
al., 1972; Schmid and Bandi, 1971), cauliflower (Holloway
and Brown, 1977), broccoli (Holloway and Brown, 1977),
brussel sprouts (Baker and Holloway, 1975) and rapeseed
(Holloway and Brown, 1977; Holloway et al., 1977). Holloway
et al. (1977) studied three lines of B. napus (Nilla, a
Nilla mutant and a Rigo mutant) and separated tﬁe leaf

epicuticular waxes into nine major classes of compounds.
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and fatty acids The relarive proporticns 2f each  Class
were differernt for each cf ~he three .:nes
7
2. Methods Used to Extract the Wax</////////
\ ‘ . & .
Chiorofeorm, hexane or pértro.eum ether have been the

maln solvents used for the extraction of epicuticuiar wax.

, have varied considerably

The extraction tqgéniques h
from one study to another. A distinction that has to be
made when extraéting wax 1s whether only the eplcuticular
wax 1S to be extracted, or the intgracuticular Q%x as well,
because thelr compositions are not necessarily the same
({Baker, 1982). Haas and Rentschler (1984} studied the
composition of the epicuticular and i1ntracuticular w. xes of
blackberry leaves and found them t6 be very different. If
the extraction technigue is too vigorous, all of the plant
waxes would be extracted. In some 1investigations the
researchers were interested in all the waxes in a plant and
stated s&% They used extraction techniques such as placing

leaves of a myrtaceous species in warm petroleum ether for

five- minutes (Courtney et al., 1983) and Sargassum fulvellum

fronds in methylene chloride for 90 days (Miyazawa g&lgl.,
1982). In other investigations the researchers 1indicated
that they were only interested in the epicuticular wax, but

used extraction techniques that may have been too vigorous.

Some examples: of these cases include placing Chionochloa

-
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shoots 1n petroleum ether for 16 hours (Cowlishaw et al.,
1983), watercress 1n ethyl ether for 30 minutes (Spence and
Tucknott, 1983), Epacridaceae leaves 1in petroleum ether for

one to five minutes and flowers in pétroleum ether for two
or seven days (Salasoo, 1983) and orange tree leaves in

chloroform at 55-58°C for 50 seconds (Freeman et al.,

1979b). Some examples of more moderate extraction

techniques for epizuticular wax are dipping mosses in

.chlordform at room temperature for 10 seconds (Hass, 1982),
and grasses 1n hexane ot room tempéfature for 10 seconds
(Tulloch, 1983, 1984). The extraction technigues needed

would of course depend on the type of plants being stugdied

-and the typeg of epicuticular waxes present. More vigorous

extraé??bn\ techniques may be necessary for certain
epicuticular. waxes. 'However,' it appears gthﬁb some
researche;s may have used extraction techniqbes EhatL were
too wvigorous, or should not have referred to the extracted
wax as being the epicuticular wax fraction. The extraction
techniques wused would 1likely influence the results of a
detailed chemical analysis of the wax. Tﬁe var1ab111ty in
exé@ﬁctlon techn;ques usad would . make comparison of data

7}

from different sourqes difficult.

. | | | »
3. Relationship Between Chemistry and Ultrastructure
Induced-and spontaneous wax mutants lacking a normal
ﬁ .

g&dﬁcous surface have been used to study the relationship

between wax ultrastructure and chemistry. These mutants can



a

be broadly classified into three types (Jeffrek et al.

1976).

The first type 1includes ’ﬁutants that . ave greatly
reduced wax production caused by metabolic blocks in the
Synthesis of major an components. This changes the
chemical composition of the wax, and the plent surfaces may
become non-glaucous due to the loss of £he "flutty” layer ot
wax crystals.

The second. type of mutation causes changes in the
chemical composition of the wax and the appearance of new
types of wax crystals. These mutants provide good evidence
that the chemistry of wax affects the ultrastructure=" These

‘

mutants have a sub-glaucous appeérance (Jeffree et al.,
1976).

The third type of mutants includes the ones in which
the guantity and chemical composition of the wax is
unchanged but the wultrastructure is dramatically altered
perhaps because of a change in the rate of wax formation.
These mutant% also have a suB—glaucous appearance (J;ffree
et al., 1976).

From'chemical and ultrastuctural studies 6£ wax mutants
it is épparent that the ultrastructure of wax is principally
determi?ed by the composition - of. the wax (Baker; 1982).
Certain wax con#tituents have been associated with certain
wax structures;ﬂé/ﬁor example, B-diketones have been

associated with tubes (Freeman et al., .1979%;

Wettstein-Knowles, 1974) - and prim-alcohols with plates

.
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(Wettstein-Knowles, 1974).

The study of mutants has shown that the process of
epicuticular wax formation 1s wultimately under genetic
control. In general, the ultrastructure and chemistry of
the epicuticular wax are relatively stable characteristics
ot a plant species, and-a species will exhibit identical wax
ultrastructure and relatfvely constant chemical composition

when grown under similar environmental conditions (Jeffree

. 187 . '
et al., 1976) \ / N
4. Use of Plant Epicuticular Wax for Chemotaxonomy
4
Plants are <classified 1into many groups based on

morphological characteristics. It has often been difficult,
though, to distinguish be'tween blant species which are
morphologically very close. It may be possible to
distinguish between these plart: by comparing the chemistry
of their epicuticular waxes. Some studies have been carried
out that indicate the possibilities of developing a system
of wax chemotaxonomy for cegiain plants (Baum and Tulloch,
1982; Cowlish?w et al., 1983;‘ Mladenova et al., 1983;

Salasoo, L983: Tulloch, 19@1,1983), It has been shoypfthat
the chemistry of theé epicutﬁpular wax is often distinctive
for each species, s@?specieﬁ,.;arié£y, etc. In future, the
chemistry of plant»éﬁicuticulac wax may prove to be a very

useful tool in <classification of morphologically similar

plants.
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E. Objectives of the Thesis
The objectives of this thesis were to determine the

\ u.tras

wsome of the current commercially grown Canadian cultivars of

rt
"

ucture and chemistry of the epicuticular waxes in

Brassica napus and B. campestris, and to investigu*e further

the role of the epicuticular waxes in conferring resistance

to Alternarlia brassicae.




Chapter 11

Leaf Surface - Interactions with Alternaria brassicae

A. Introduction

Most, 1f not all, members of the family Brassicaceae

are susceptible to A. brassicae to varying degrees. The
different cultivars of rapeseed show differences in
susceptibility, but none of them are immune to this

pathogen. Generally, the cultivars of B. napus are less ~
susceptible than those of B. campestris and the amount of
wax on the leaf surfaces has been shown to be at least one
of the factors 1involved 1in this difference (Tewari and
Skoropad, 1976; Skoropad and Tewari, 1977). The role of
leaf epicuticular wax 1in rapeseed in providing a
water-repellent surface has been deménstrated (Tewari and
Skoropad,r 18976} . The epicutiqular wax may contribute to
lower ‘susceptibility to é. brassicae in other ways as well.
This gtudy explores the effects of epicuticular wax on
retention and germination of water-borne conidia of A

brassicae on the leaves of four currently grown commercial

cultivars of rapeseed.

30



B. Materials and Methods

1. Plant Material
The cultivars of cancla wused were Tobin, Candle (B.

campestris), Altex and Westar (B. napus). The plants were
grown 1n soil 1in six inch pots with three plangs per pot, 1in.
elther growth cabinets at day/night temperatures . of
“18°c/12°C  and 16 hours light, or in the greenhouse where
the conditions varied throughout the season. The plants 1in
growth stage fodr (Harper and Berkenkamp, 1975) were used.
The leaf i1mmediately above the cotyledons was designated as
the first leaf. Leaves from positions three to six were
used,for all experiments discussed in this chapter. THis

range of leaves was selected because the higher leaves were

too small and the lower leaves were senescent.

2. Fungal Material

Alternaria brassicae was 1isolated from black spot

lesions on the leaves o0f canola and was maintained by
repeated subculturing on V8 juice medium containing rose

bengal (Degenhardt et al., 1974). For experimental use it
was grown on the same medium at 25°C in dark. Conidia were
washed -off the plates with distilled water, filtered through
cheesecloth to remove clumps of hyphae, centrifuged, washed
twice and resuspended in distilled water. Cultures used in

experiments depicted in Figures 7 and 10 were five day-old,

*in vFigures 9 and 1la,b,c, seven day-old, and in Table 2 and
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Figures 5 and 8, 10 day-oid. Suspensions of
conidia/ml were used 1n experiments depicted in Figures 7

and 10 and 3 x 10* conidia/ml in experiments depicted in

Table 2 and Figures 5, 8, 9 and 11la,b,c.

3. Preparation for Conidial Germination Experiments

Leaves were excised from plants and placed in glass
petri plates containing moist filter paper. The wax was
gently wiped off one side of the midrib of each leaf with a
moist cotton s:ab. ~In order to hold them flat, some of the
leaves were'stapled around their edges to the filter paper.
The leaves wére Sprayéd with a conidial suspension using a
chromatographic sprayer held about one foot above the leaf.
This delivered a fine mist of conidial suspension onto the
leaves. At the same time, glass microscope slides in glass
petri plates containing moist filter paper wére sprayed to
determine conidial germination in distilled water.
Approximately 2 ml of the conidial suspension was sprayed
per petri plate in experiments depicted in Figures 5 and 8,
and "1 ml for those depicted 1in Figures 7, 9, 10 and
11a,b,c. The petri plates were kept 1in continuous room
light wuntil at least g%% of the conidia on the glass slides
germinated. This took two hours for the experiment.shown in
Figure 7, three hours for those in Figures S and 11a,b,c,
and 6.5 hours for that in Figure 8. At that time, ethanol

(2-3 ml) was added to each petri plate and the petri plates

placed at 4°C wuntil the percent gérmination could be
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determined; Tpis effectively stopped any further growth cof
the pathogen. To determine the percent germi:nat:on, a piece
of leaf (2 cm x 3 ¢cm) was Cgt out from half way between the
center of the midrib and the edge of the leaf for each half

of leaf. The leaf pieces and glass slides were stained with

lactophenol cotton blue and observed under the microscope

(100x). At least 100 germinated and ungerminated conidia on
each leaf piece or slide were counted. The germination
experiment was repeated four times. In two experimen{s the

number of ge:m tubes was also determined for the 100 conidia
scored for germination. Also, for one experiment the total
number of conidia retained was determined. - This was done by
placing three round cover slips (12 mm diameter) on the leaf
pleces and slides. The total number of conidia were counted
under the three coveF'siips (area of 3.37 cm?).

To demonstrate.the effeet of wax on lesion development,
the wax was removed from leaves as previously described.
The leaves were then placed in glass petri plates with moist
filter pgger and sprayed with a conidial suspension, and
kept in continuous room light for 48 hours.

A wiped leaf of Westar was examined with SEM after
air-drying and coating with gold, to determine if wiping the
wax off.the leaves damaged the epidermal "layer of cells.

4. Recrystallization of Wax
Wax extracted from the leaves of the fouf Eultivars of

’

rapeseed (see chapter IV for methodology) was‘recrystal%ized
?



(20 mg/ml) con the frosted end of the slides, and immediatl:

placing the slides in an 80°C oven for 15 seconds to flash

evaporate the chloroform. The slides were then allawed to
air-dry for an hour. This resulted in a continuous layer of
wax on the slides. It the <chloroform was  allowed to

'S

evaporate slowly, the wax recrystallized mainly around the
edges of the slides. For the control, chloroform was placed
on slides and evaporated as described above. The slides
were then placed in glass petri plates containing moist’
filter paper and sprayed with a conidial suspension. The
petri plates were kept in continuous room light until the
germination on the control slides was at least 50%. At that
time the slides were stained with lactophenol cotton blue

and stored at 4°C until the percent germination could be

. . r .
determined. This experiment was repeated once.
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C. Results and Discussion
4

1. SEM of Wiped Leaf Surface

Figure 2 shows a Westar leaf that had been wi.ped w:ith a

mo1st cotton swab. There appeared to be no nmechanica.

damage to t+the epidermal cells. This :ndicated that the

changes in percent germination and other effects that

. occurred wupon wiping the wax from the leaves was not due to

cell damage. With the naked eye, wiping appeared to remove
most of the wax, but this micrograph shows that some wax was
left behind. Most of the "fluffy” layer was removed but
some wax plates remained. Also some smearing of wax could

}

be seen on the surface (Fig. 2}.

2. Major Sources of Variability Between Experiments

There appeared to be two major sources of variability
between experiments. One was *hat the amount of bloom on
the plants varied from one experiment to another. As

,

discussed later, this wvariability would be expected to

" 7
A

greétly affect the factors being studied. The other major
source of wvaridbility was in the germination rates of A.
brassicée conidia from one culture to another. The rate of
growth of the cultures, the extent of sporulation, and the
rate of germination of the conidia were variable. This made
the time of,obServation‘Of‘the percent germinatidh different
for each exper{ment. Due to these two major sources of

variability, the results of the different experiments could



should not be taken as absoclut vaiues, but rather as
demonstrating trends. Thus, the data presented here
represent resuits over a range of conditions and strengthen
the validityfﬁ&tche trends cbserved.
' :ﬁ%ggﬁt\-
i R . i

Even = thdligh the amount of bloom varied from one batch

of plants to another, the relative visible differences in

the bloom between B. napus and B. campestris cultivars were

constant. Brassica napus cultivars always had more bloom

than B. campestris cultivars (Fig. 3).

3. Effect of Leaf Epicuticular Wax on Conidial Retention

The epicuticular wax creates a hydrophobic surface that
decreases the retention of droplets of water. Figure 4
shows this effect for the four cultivars of canola.studied.
The right side of each leaf was wiped and the leaves sprayed
with a fine mist of water. It can be seen that there was
not much difference 1in the retention of water droplets
between the wiped and unwiped surfaces of Candle and Tobin,
but a considerable difference between these two surfaces was
observed for Altex and Westar.

The hydrophobicity imparted by the wax layer should
also affect the deposition of water-borne inoculum of A.

brassicae. 1In order to study this aspect, the leaves were
[ ]
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Remova. of the wax significantly :ncreased tne number
cf conidia that were depos.:ted on the .eaf surfaces for a..
»ur Cultivars  (Fig. 5). The retertion c¢f conidia on the
unwiped leaf surfaces of Candle and Tobin was higher than
that on  Altex and,»westar, because the leaf surfaces of
Candle and Tobin have less wax. The retention of conidia <

the wiped leaf surfaces of Candle and Tobin was alsoc higher

than that on Altex and Westar. Since Altex and Westar
leaves had more wax to begin with, more wax may have
remained behind after wiping. The retention ¢ ~onidia on

the glass slides was higher than,.that on the unwiped leaf
\
surfaces of Altex and Westar, but\{;wer than those 1n the
rest of the treatments (Fig. 5).
This demoi.strates the first important effect of wax,
1.e., reducfion in the retention of conidia- This will

P

reduce the susceptibility of the more waxy plants to A.
. «
brassicae through a d;sease escape mechanism.

Figure 6 shows the differences that the: removal of wax
made on the amount of infection by A. brassicae. The right
side of each leaf was wiped and the leaves sprayed with a
conidial suspension. Visual assessment indicated that there
was not much difference in thg number of lesions betwgen the

wiped and unwiped surfaces of Candle and Tobin, but the two

surfaces of Altex and Westar were very different.
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4. Effect of Leaf Epicuticular Wax on Conidial Germination
wiping the wax cff the leaves sigrnif:icantly :ncreased

the rate of germination c¢f the <cecnidia for ail fou

cultivars in most of the experiments. Figure 7 Shows cne

experiment conducted with Candle, Altex and Westar, in which

removal of the wax s:ignificantly increased the conidial
¢

I'd

germination on a.l three cultivars. The <Jdifference was
greatest for Altex and Westar, qFt even the smaller
difference in <Candle was significant. Figure 8 shows

another experiment conducted with Candle, Tobin, Altex and
Westar, 1n which simila} trends were observed. Removal of
wax significantly increased the conidial germination on all
tour cultivars. This increase in gefminaiion rate may be
due to théxqifat?r avallability of leaf exudates, which may
be stimulating the conidia to germinate faster. Thus, Eke
wax indirectly may be affecting germination by reducing the
diffusion of leaf exudates in droplets of water centaining
the conidia. This was also indicated by the fact that the
germination rate of conidia dﬁﬁCandle and Tobin (wiped or
unwiped leaves) and Altex and Westar (wiped leaves) was
significantly higher than that in distilled water (Fig. 7).
Also, the data shown in Figure 8 indicate that the wiped
leaves of Candle, Tobin and Westar had a significantly
higher germination rate of the conidia than that in
distilled water. The smaller amounts of wax on Candle _and

Q:
Tobin may™ reduce the diffusion of exudates only to a small

extent, whereas larger amounts of wax on Altex and Westar -

kY

i

~
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trend In the rate of germinaticn ¢t +the «conidia could be
seer, Dbut the differences between w:ped and urwi.ped .eaves
were not  significantly different “or Candle, Tcobin and
Westar, even though the differerces betweenr the means were
‘actually larger than those in Figure 8. This cou.d be duye

to the fact that the amount of wax on the leaves used was

low, and that there was a large wvariability in the bloom
. - /

within each cultlivar. It was gereraliy noted that the moure

waxy leaves had a 1ower percent germination than the less

waxy leaves. This experiment demonstrated the effect of

varying degrees of glaucousness on the rate of germination
of the conidia.

Usually the percent germination on the wiped leaves of
Altex and Westar was 1ess/ than Ehat on Candle and Tobin -
(Figs. 8 .and 9). This can bé explained by the fact that
wiping did not remove all the wax and that more wax was lefr
behind on Altex \ﬁ?d Westar than on Candle and Tobin.
Another explaqg({;n could be that there were more (or
different) exﬁéates diffusing from the leaves of Candle and
Tobin than from those of Altex and Westar.

Another effect that can be seen in ¥Figures 7, 8 and 9
was tHat the germination rate of the conidia on the unwiped
ieaves of Altex and Westar usually ‘was significantly less

than that 1in distilled water. This indicated that the wax

mi&ht have some fungistatic effect. This result will be
\ . |



discussed later 1n this chapter.
Figures 7, 8 and 9 show that the leaves with more wax

éupported slower ‘germination of t he conidia. The

[

germination on all the wiped or unwiped leaves eventually

/

reached 100%. However, this was delayed for several hours
on the unwiped leaves of Altex and Westar. Figure 10 shows
the germination of conidia on Candle, Altex, Westar and
glass s]ides over a six hour period after inoculation. The
data presented for two hours is the same as shown in Figure
7. ‘It can, be seen Eiom this figure that the germination
reéched 100% on the wipedy and unwiped leaves of Candle
severali hours before those of Altex and Westar. The
germination rate on unwiped leaves of.Altex and Westar was
much slower than.that on the wiped leaves.

. In some ‘experiments the conidial germination was
fdllowed by observations on the rates ¢f penetration of the

conidia and browning of host cells. It was observed that

any differences ip the germination rates were also reflected

N

in the rates of pehetration and browning of the host cells.
In addition to reducing the retention of water dséplets
containihg conidia by providing a water repellent surface,
the delay 1in the gérmination 6f th; conidia and subsequent
infection is another important effect of the wax. 1f a drop
does stay on the leaf, the wax indirecﬁly slows down the
:gérmination éf the conidié, probably by impeding the
diffusion of foliar exudateé, thus decreasing the chances of

-infection: Aiso, ! a waxy surface the drop or film of

“o



water may dry up before the conidia can germinate and

penetrate the leaf.

5. Effect of Leaf Epicuticular Wax on 1he Number of Germ
Tubes

Removal of the wax significantly increased the number
of germ tubes for all four cultivars of canola (Figs.
11a,b). The number of germ tubes on the wiped surfaces of
Candle and Tobin was significantly higher than that on the
glass slides (Fig. 11c). The number of germ ‘tubes on the
unwiped surfaces of Candle and Westar, and the wiped and
unwiped surfaces of Altex, was significantly less than that
on glass slides (Fig. 11c). Figure 1lc also shows the means
for the nine treatments, and the P values for the Chi-square
analysis. Almost all the trends observed here were the same

AN

as those for the germination of the conidia. . The increase

in number of germ tubes was also pfobably due to. the greéter
évailability of leaf exudates upon removal of the ;aXn//

The 1ncrease in number of germ tubes is the third
important effect of the wax. When the number of germ tubeé
is increased, it should have the same effect as having morg
conidia present. . The more germ tubes a conidium produces,
the better are the chances of infection.

Thus, there appear to be at least three effects of the
epicuticular wax, i,e., reducing conidial retentiog,
reducing the germination rate of tﬁe conidia and reducing

the number of germ tubes produced. If these factors are
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F 4
conside!ed individually, the recduction in conidial retention

probably has the greatest impact on reducing susceptibity to

A. brassicae. However, when these three factors are
operational collectively, the effect of wax on A. brassicae

may be greatly increased.
6. Effect of Recrystallized Wax on Conidial Germination

The recrystallized wax did not appear to affect the
germination rate of the conidia. There was no significant
difference in percent germination between the control slides

“and the slides with wax (Table 2).

Table 2

Germination of Conidia of A. brassicae
on Recrystallized Wax of Cancola.

Treatment Germination(%)=*
Control _ 53.7a

Candle : 49.5a

Tobin 55.2a

Altex 53.7

Westar »51.4g>

<
* Percent germination determined 6.5
hours after inoculation.

Means are of six repeats.

Means sharing the same letter are not
significantly different at the 5%
-level (Duncan's new multiple range
test). ’



D. Conclusions

The leaf epicuticular wax of canola appears to confer
lower susceptibility to A. brassicae in at least three ways.
The girst 1s that the wax creates a hydrophobic surface that
dec;bases the retention of water-borne 1inoculum of A.
brassicae. The second 1s that the germination of conidia is
slower when a larger amount.of wax 1s present, and the third
1s that the germ tubes produced by a conidium are fewer in
number when a- larger amount of wax is present. The last two
effects are most likely due to the fact that larger amounts
of wax may decreases the diffusion of leaf exudates into
droplets of water containing conidia. These three factors
acting together may significantly affect the extent of
«infection by A. brassicae in rapeseed. Also, with fewer
germ tubes produced and slower germination, fewer conidia
may have time to penetrate the leaf before the film or drop
of water they are 1n dries up. There does not, however,
appear to be ény fungistatic effect of the wax on

germination of the conidia.

o



E.

Figures and Legends’
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Figure 2
SEM of a Wiped Leaf Stface.

A Westar leaf was wiped with a moist cotton swab, air-dried
and examined with SEM.

Note that not all of the wax was removed. There were still
some wax plates visible and some smearing of wax can be
seen. '

Such preparations indicated that the wiping did not damage
the epidermal layer of cells (magnification x2200).
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Figure 3
Comparison of Bloom Between Rapeseed Cultivars.

Shown are the plants of the cultivars Tobin, Candle (B.
campestris), Altex and Westar (B. napus).

Note that the B. napus cultivars are very bloomy and that
the B. campestris cultivars are not.

Upper left - Altex —
Upper right - Candle
Lower. left - Westar
Lower right - Tobin






Figure 4
Hydrophobic Effect of Leaf/;picuticular Wax.

The right side of each legf was wiped with a moist cotton
swab az2nd then the whole lkaf was sprayed with a fine mist of
water.
Note the low retention of water droplets on the unwiped
surfaces of Altex and Westar.

-
Upper left * Altex
Upper right - Candle
Lower left - Westar
Lower right - Tobin






Figure 5

Effect of Leaf Epicuticular Wax on Retention of the Conidia
of A. brassicae.

Data expressed as a percentage, with the highest treatment
mean being considered as 100%.

Means are of six repeats.

The data were analysed before conversion to a percentage.
a-f. Means sharing the same letter are not significantly
different at the 5% level (Duncan's new multiple range
test). :
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Figure 6

Effect of Leaf Epicuticular Wax on the Amount of Infection
by A. brassicae.

The right side of each leaf was wiped with a moist cotton
swab. The leaves were then sprayed with a conidial
suspension, and kept under high humidity 1n continuous room
light for 48 hours.

Note the sparse lesion development on the unwiped surfaces
of Altex and Westar. All the leaves were green at the
beginning of the experiment. The leaf chlorosis is
associated with lesion development.

Upper left - Altex

Upper right - Candle
Lower left - Westar
Lower right - Tobin
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Figure 7

Effect of Leaf Epicuticular Wax on the Germination of the
Conidia of A. brassicae (expt. 1).

Percent germination was determined two hours after
inoculation. '

Means are of five repeats.

a-d. Means sharing the same letter are not significantly
different at.the 5% level (Duncan's new multiple range
test). :
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Figure 8 ¢

Effect of Leaf Epicuticular Wax on the Germination of the
Conidia of A. brassicae f{(expt. 2).

Percent germination was determined 6.5 hours after
inoculation.

Means are of six repeats.

a-d. Means sharing the same letter are not significantly
different at the 5% level (Duncan's new multiple range
test).
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Figure 9 \

Effect of Leaf Epicuticular Wax on the Germination of the
Conidia of A. brassicae (expt. 3).

Percent germination was determined three hours after
inoculation.

Means are of seven repeats.

a-c. Means sharing the same letter are not significantly
different at the 5% level (Duncar's new multiple range
test). -

\
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Figure 10 -

Y
Effect of Leaf Epicuticular Wax on the Germingtion of the
Conidia of A. brassicae.

Percent germination was determined two, four and six hours
after inoculation.

The means are of five repeats and the bars represent
standard error. ' :
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Figure 1ia .

Effect of Leaf Epicuticular Wax on the Formation of Germ
Tubes by the Conidia of A. &rassicae.

Number of germ tubes were determined three hours after
inotulation.

Each treatment 1s a summation of seven repeats.

Treatments were compared by Chi-square analysis (P values
given in Figure 11¢c).

The seven germ tube groupings are expressed as a percent of
the germinated spores.



CANDLE(unwiped leaves)

1 2 3 4 5 6 7+
NUMBER OF GERM TUBES

TOBIN(unwiped leaves)

1 2 3 4 5 6 7+
NUMBER OF GERM TUBES

€4

CANDLE(wiped leaves)

A OF GERMINATED SPORES
3

1 2 3 4 S 6 7+
NUMBER Of GERM TUBES

TOBIN(wiped leaves) \t—;

% OF GERMINATED SPORES
8

1 2 3 4% 6 74+
' NUMBER OF GERM TUBES



Figure 11b ggg
®

Effect of Leaf Epicuticular Wax on the Formation of Germ
Tubes by the Conidia of A. brassicae.

This figure 1s a continuation of Figure 1la.
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Figure 11c “Y

Effect of Leaf Epicuticular Wax on the Formation of Germ
Tubes by the Conidia of A. brassicae. -

This figure 15 a continuation of Figures 1la and 11b.
The P values listed .!re indicate the probability of two
treatments being theSame (Chi-square analysis).

Caﬁdle(C), Tobin(T), Altex(A), Westar(W) and Glass Slides.
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Chapter 111
Ultrastructure of Canola Epicuticular Wax

~

A; Introduction 5

All terrestrial organisms live under desiccating
conditions and face the problem of water conservation. One
measure that some organisms have developed to help combat
this @roblem 1s the deposition of wax on their surface
and/or as impregnation within their cuticle, providing a
hydrophobic surface. Surface waxes can be found on higher
plant$, on some arthropods (e.g. insects and arachnids),
even on some fungal spores and some bacteria (Caldicott and
Eglinton, 1973; Hadley, 1981). This provides aﬂgéxample ‘?f“

parallel evolution in widely different'groups of organisms,

The biological properties of eplicuticular waxes ~ ‘are

‘dependent on their physical structure: and chemical

. composition. This chapter deals with the former subject.

4

S

I3
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B. Materials and Methods

1. Plant Material

The cultivars of canola wused were Tobin, Candle (B.
campestris), Altex and Westar (B. napus). The plants were
grown as described 1in chapter 1I1. Middle leaves from
positions five to seven and yupper leaves from positions
eight and nine were used for SEM. The adaxial leaf surfaces
of all four cultivars were prepared for SEM by the two
methods (A and B, described below). The abaxial leaf
surfaces, stems and fruits of all four cultivars were
prepared for SEM by‘method B. The stems from midway up of
the plant and fruits from the lower, middle and upper parts
of the inflonescenée, were used for SEM. Stems and fruits
were examined ﬁecause the blackspot lesions develop on these
plant parts as wéll." "The vleaVes were emaminedeith SEM

. seven times and the stems and ‘fruits twice. At each

sampling two to.three specimens were used.

24 Prepératibn of Plant Material for SEM

o 13

a) Qﬁiﬁéﬁ\A:'FrQQZé—drying . ‘ o
eav were placed in glass petri p;ates”contéining::.

_moisf_-fii'e; paper. . Osmium- tetroxjde (1 ml of a 2%
solutio(i;nkd.lM phosphatévbuffer, pH 7.0) was added _té ]
'~the (ilﬁér paper, and the leaves fixed by osmiumr
tetrqx{deﬁvépor overnight. Pieces of the leaves (5 mm ;
'fi5 :mm): were CUtﬁ:rfrozenﬁ by quick immersion in/liqu%§
S c, N , L

- . — ‘e
oLy, . -

. < 2
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Freon 22, stored in liquid nitrogen and freeze-dried at
-do°c using aﬁ Edwards vacuum freeze-drier . The leaf
pleces were then mounted on stubs with conductive glue,
coated with gold and examined in a Cambridge Stereoscan

150 SEM. =

b) Method B: Air;arying

Leaves were fixed with osmium tetroxide vapor as
described above. Pieces of the leaves (1 cm x 1 cm)
were cut, mounted on stubs Qnd air-dried for two'days.
Pieces of the stems and fruits were placed on glass rods
in petri plates containing moist filter paper and fixed

.
above. Pieces

with osmium,t%troxide vapor as described
of the stems and fruits, 1 cm long, were cut, manted o
stubs and eir-dried for two days. All the materials

were coated with gold and examined as described above.
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C. Results and Discussion

1. Morphology of Canola Epicuticular Wax

The plant surfaces were examined with SEM at many
different times during the course of this sfudy. As some of
the plQnts were grown in the greenhouse, the environmental
conditions would not have been exactly the same éach time.
Therefore, some variation in the wax ultrastructure might be
expected, because a complex epicuticular wax like that of
Brassica is more sensitive to environmensal factors than the

less complex wax‘'from other plants (Hunt et al., 1976;

Jeffree t al:, 1976). The density of the wax often varied

from one sampling time to another® It was ngexved that .

higher temperatures and light intensities increased the

_i"bloom" on the plants. This agrees with what has been

-

L3 -
reported by Armstrong and Whitecross (1976) and Whitecross

and Armstron§~(1972). Also, the size and proportion of each
\ ' ‘

wax kcrystél type sometimes varied from surface to surface,.

“ and from one sampling time to another, but the same types of

ia

-

Y - ) ~ :
'sgltrastgucture could be made because the variables

wax crystals were always present on all plant surfaces

studied. No generalizations about this variatibn in-

were not

studied in detail.
SEM revealed .that the leaves, stems and fruits of

\pg5eed'ﬁere covered with-a layer of ’wax*‘crystals.$that

b

’ "‘dmbfiie)fhe "fluffy" layer of wax. These wax crystals were

-
: . ’

e * * .
venly distributed over the surface, except ~for the .areas

.
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immediately surrounding the'stomata,‘where the wax was less
dense. The top view of a Westar leaf (Fig. 13A) illustrates
the distribution of ffe wax. When the blant surfaces were
observed from an angle, the wax crystals could be seen in an
obligue view. The oblique view revealed that many of the
wax crystals project away from the plant surface, fqrminzéa

"forest"” of.wax crystals (e.g. Westar leaf, Fig. k3§&,

’

The leaves desgribed above were prepared for SEM by the

alr-drying method (Method B). There was no apparent damage

or disruptlon- of the wax when this method was used. Such®

was not the case when the freeze-drying method (Method A)
was dsed. Rapid immersion in molten Freon 22 is one of the
steps invogved in preparing #pecimeris by the ~freeze~drying
method. Othis results in brisk boiling of the coolant as

heat is transferred from the specf%en to Freon 22, perhaps

resulting in physical disturbance»in the wax layer. The SEM

photographs of specimens, by the freezé—arying

method 1indicated marked re-distribution ‘and washing away of

wax, leavijng bare areas. The differences between the - two

mefhpds of preparation can be seen by coﬁparing freeze-dried

leaves of Candle (Fig. 12C) and Westar (Fig. 13C)€with their
.respéctive ai?—dried flgabes (Figs. 12aA ané 13A). These
results show that the freeze—dryiﬁg method should not be
used to stﬁdy,-the'.ultrastpuctu;e of tﬁg wax. The use of
this method would lead to in¢6rrect.ingerbrééations of the

-

epicuticular wax.  Jt does not reveal the even dist
a - . ) . LN ~

of the wax nor the correct orientation of the ﬁaxf éfy§tals=

RN

fibptiqn :

»?
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on hhe surface.

When studying an undisturbed leaf surface, one cannot
discern whether there i1s a layer of amorphous wax present.
There has heen only a limited amount of evidence that the
"fluffy" layer of wax 1is superimposed on al layer of

amorphous wax. Evidence for the presence of an amorphous
layer of wax was obtaine@ from the disruption of the wax ‘by
the freeze-drying method. The micrograph (Fig. 21A) of a
freeze-dried leaf'shows a sheet of wax that has bden turned
upside down. It can be seen that the "fluffy" layer of wax
crystals appears to be supported By a contlnuous layer ofy
'wax} The dislodged wax crystals in Flgure 21B also appear
to be connected by a layer of wax. Providing this ev1dence.
for the pfesence ef an amorphous'layer of wax was the only
benefit derived from using the freeze-drying method.

The "fluffy" layer of wax appeared to-be compfised of
at least three types of wax crystals " These we:e plate-like
crystals, f)lamentous, sometimes bradched crysﬁals, %nd
rod-like;crystals , present singly or forming blbcks. The
'Nplates were orlented flat on the surface, while the rods and
f11ament9us crystals ;p03ected away from the surface. - The‘
plates were .of varzable shape and s1ze and some contaihed,
holes (Fig. 21C) -Some plate5°were barely d1scernable and
others had well defined edges and were sl1ght1y ra1sed.l The,
rods: were the most plentlful type of"wax‘ crystal. cTheyqy.
appeare& s1ngly or in blocks. 'Indiyidgal reds were stockyl

A

| andk relat1vely stralght (Fig. 22a). The wax crystals

4
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described hgqre as being blocks, appeared to 5Se groups af
rods fused together because their sides were undulating with
contours corr?sponding to the individual rods. Most of the
blocks conta;ned gne or more holes and they all had flat
tops (Fig. 22B,C). The filamentous wax <crystals were
thinner and wusually longer than the rods (5)6. 21D). They
yefe also often curved and sometimes brancﬂed (Fig. 21E). .
. Wax crystéls €imilar to the plates, filaments and
individual rods described above have been reported before in
rape;eed (Armstrong .and Whitecross, 1976; Holloway et al.,
1977; Tewari and Skoropad, 1976; Whitecross and aﬁrmstrong,
1972).  However, this appears to be the first report of the
occurrence of the wax crystals described here as blocks of
fuseé rods.. Rods might fuse together into a block because
severai sources of the wax cbmponents for rods were in close
proximity’ 50 lose t}.)a’t the individual rods could not form.
From the pe;spec;ives studied it appeared that fusioh was
initiated at the level of the amorphous.";layer ’of wax,“’nd
not above it (Fiq. 22§,C);} It -did -not éppear that the
.bloéks started as inéividu’al rods wh;ch later fused-
,ioéeﬁh&r.' There was not one example found. of two or more
rods fused at the top and not at tHe bottom. -

"Most of the blocks when viewed from the top - appeared

similar -to some of the 'wax crystals descrxbed as plates

(Fig. 21C). The hé?gb.:o\fthe blocks varled consuierably\
‘, They ranged from tall ones tp those that were just higher

A
s .
[

. than some 7/thefcrYStals descnbed as ' platesv _(Flgs, _ _'2"2C,



23A,B). It Is pcssibie tjart some of the plate-like crysta.s

£
S

"

are actually young blocks. Tall biocks have to develop om

shorter blocks, and a very short block would look a.most the
4
same as some of the plategiﬂ This 1s not to say, however,

that all plates eventually become blocks. There appeared to

be growth rings 1n some of the blocks indicéting periodic

&

growth (Fig. 22C). The developmental sequences of rods fénd

blocks o©of rods can be seen in Figure 23A,B. Also, there

were always one or more holes in the blocks, bﬁf\‘TWdvaaugl
N -
' )

rods never had hollow centers.

One wax crystal type that was not found in this

was the hollow tube. Hollow tubes have been reported in

-

some‘other-cultiyars of rapeseed (Tewari and Skoropad, ,

Holloway -~et al., 1977). The blocks described here did

contain holes, but were very different from the describtipns

of hollow tubes, and thus QereQnot likely related.
» .

-

2. Density of Leaf Epicuticular Wax

© With ‘the naked eye, one could see that B. napus
(4

‘cultivars were glaucous and that B, campestris éultivars
were not (Fig: 3). SEM showed that thisd‘was due to
differencefin the density of the wax crystals on - the leaf

-

.surface, with Westar ~and Altex having the denser wax, This

'can be seen in the topiwiews of ~the leaves (Candle, Fig.
12A-'-Westar, F1g. 13A Tobln, Fig. 14A; Altex, ﬁ;g JSA)

The oblxque views of the wax crystals can be seen in F1gures
'y

f128,_ 13B, " 14B and 153 for Candle, Westar!‘Tbbin and Altex,
' -,

5 »
= - . . et -



as compared to the condition in B. campestris is due to the

density of the wax <crystals, and not to the presence of
. »

. L)

ftferent types of crystals.

There was not much difference in the density cf the wax

crystals between middle' and upper leaves of B. napus

cultivars (Fig. 15B,C). Brassica campestris cultivars,

x

however; ditfered in this respect. The upper leaves of B.
camges&ris ~clltivars had a more dense layer of wax than the
middle leaves.A(Fig. 14B,C). This 1indicated that" yognq
leaves, of B. -campestris were capable of producing a
substantial a@ount of wax, but when they became older, ;ax
production was greatly reduced. This also indicated that B.

campestris leaves have the:genes\to produce larger amounts

of wax, but are somehow switched off from doing so as the
-~ N . \v‘
leaves age.
- , .
So far, only the adaxial 1leaf surfaces have been
. N - = P .

- described. The abaxial leaf surfaces were-also examined = by

.

SEM. - There . was no difference in the types of wax crystals

present on the two surfaces. This is evident from views of
/ B .
the adaxial (Fig. " 15B,C) and abaxial (Fig. 16A,B) leaf

sUffaces of Altex. There was also not much - difference in

A -

‘the density of wax crystals on the two leaf surfaces of

Altex. 'However, not epough abaxial leaf surfaces were
. », - - o

examined to make any generalized statements - about the

density of the wax between the adaxial and abaxjal leaf . - ¥

surfaces. 2 _ _ .
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3. Densitf of Stem Epic¢uticular Wax

The stems cf the four cultivars were also compared.

The types of wax crystals present on the Sstems were similar

to those on the leaves (Figs. ‘7A,B - Westar; 18A,B -

‘Candle; 195,8 - Altex; 20A,B - Tobin). Unlike the leaves,
-

t R . A
there was no appreciable difference i1n the density of the
: <>

wax crystals among cultivars. The density of wax-crystals
was high. for %ll the cultiva;s (Figs. 175,8 - Westaé; 18A,B
-+ Candle; 19A,B_-,Altex; 20A%8 - Tobini. The wax on all the
stems wag as dense or denser than that fdund on any. leaf
examined, The high density of wax crysféfs on the stems of
the B. Caméestris cultivars (Figs. 18A,B - Candle; eVZOA,B -
Tobir) again indicated their abilify to produce large
amounts of wax.

-

4. Density of Fruit Epicutdiular Wax

4

The fruits of the four cultivars were compared. The

7

Thé fruits of Altex kFig, 18C) and Westar (Fig. L?C) had 4
_heavier layer of wax ~than those of Candle (Fig. 18C) and
Tobin (Fié. 20C). The wax crystals on the suffacq,of-Candlp
and Tobin fruit’srrwer'e as dense as those on Altex and Westar,
but’re shortfr and stubpier. Fruits from . the 1lower,
middle and upper parts gf.the' inflorescence were compared.
There wa_s"_no difference 1n th‘e wax betweeﬁ a véry young
fruit amwd an older, ﬁuch larger f;uiﬁ. This can’ be seen by

qompar,i‘ng an older-fruit of Westar (Fig. 17¢) to ‘a_‘ yo_dn,ge_:

~
-

density of “wax crystals was similaf/to that on the leaves. -

'
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D. Conclusions

SEM was better than the freeze-dry:rg method. The surface
cf cancla was covered with an eveh.ly . distr@%u{gd iayer of
wax crysta.s super:mposed on an amorphous layer of wax. The
density 55 the wax crystals varied from cultivar to cultivar

g .
and from one part of the plant to anqtbér; but all the plant
surfaces had the same types of wax crystais. Some trends

4 .

such as the density .of the wax on the leaves and fruits

appeared to be species specific, whereas the density of the

wax on the stems did not. There appeared to be at least
three types of wax «crystals present. These included
plate-like crystals,- filamentous, sometimes branched

+ . <
crystals, and rods, present singly or forming blocks. The

blocks of rods have been observed in the cultivars examined

fcr the first time 1in rapeseed.
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E. Figurés and Legends
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Figure 12

A. Top view of the adaxjal surface of g’middle leaf of
Candle, prepared for SEM by method B. Note the even
distmibution of wax crystals (magnification x1,800).

B. Oblique view of the adaxial surface of a middle leaf of
Candle, prepared for SEM by method B. Note that most of

the wax crystals project away from the surface
(magn}fication x5,000). ‘

-

KA

C. .Top view of the adaxial surface. of an upper leaf of
Candle, prepared for SEM by method A. Note the
‘displacement of wax crystals, leaving bare areas
(magnification x2,000). : :

O
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‘Figure 13

A. Top view of the adaxial surface of a middle leaf of

Weésaf, prepared for SEM by method B. Note the even
dflégibution of wax crystals (magnification x1,800).
oy i

Bi

ST
2 pid

]

Oblique view of the adaxial surface of a middle leaf of

Westar, prepared for SEM by method R. Note that most of
the wax crystals project awa

y from the surface
(magnification x5,000). :

Top view of the adaxial surface of. an upper leaf of
Westar, prepared for SEM by method A. Note the

displacement of wax crystals leaving bare areas
{magnification x1,100). . '






Figure K6 14

A. Top view of the adaxial surface of a middle leaf of
Tobin. Note the even distribution of wax crystals -
(magnificatidn x1,800). .

B. Obf&que view of the adaxial surface of -a middle leaf of
Tobin (maghification x5,000) . S

»

[

. “

- Kl

ique view of the adaxial surface of an uppé£ leaf of |
Tobin. Note the higher density of wax than on the leat
from the middle of the plant (B) (magnification x5,000).

C.

.






Figure 15

A. Top view of the axial surface of a middle leaf of
‘Altex. Note the €ven distribution of wax crystals
(magnification %1,800).

B. Oblique view of the adaxial surface of a middle leaf of
_Altex (magnification x5,000). '

C. Oblique.vieﬁ'of the adaxial surface ofianfUpper leaf of
Altex. Note that there was not much difference in the-

density of the wax between middle (B) and ‘upper leaves -

" (magnification x5,000).
™
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Figure 16

A. Tgp;view of the abaxial surface of an upper leaf of
AYtex (magnification x2,600). '

&

B. Obligue view of the abaxial surface of an upper leaf of
Altex. Npte that the surface appears to be similar to

the adaxlal leaf surface (Fig. 15B) (magnification
x6,500). - .

C. Oblique view of the fruit surface of Westar from the
upper part of the inflorescence (magnification x9,000).
. ) IS B .
. ¢ :
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Figure 7

A. Top view of the stem surface of Westar from the middle

of the plant. Note the even distribution of wax crystals
(magnification x1,600).

-

s

Obligue view of the stem gsurface of Westar from the
middle of the plant. Note the high density of wax
crystals (magnification x6,000).

Oblique view of the fruit surface of Westar from the
lower part of the inflorescence. Note that this surface
appears to be similar to that of the fruit from the
upper .part of the inflorescence (Fig. 16C) ,
(magnification x4,500). - ,

N\






Figure '8

A. Top view of the stem surface of Candle trom the middle
of the plant. Note the even distribution of wax crystals
(magnificaticn x1,600). ’

B. Oblique view of the stem surface of Candle from the
middle of the plant. Note the high density of wax
crystals (magnification x6,000).

A}

& -

C. Obligue view of the fruit surface of Candle from the
middle of the inflorescknce. Note the short wax crystals
(magnification x4,500). :
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Figure 19

r

Top view of the stem surface of Altex from the middle of

A.
the plant. Note the even distribution of wax crystals
(magnification x1,600).
&
i
/
B. Oblique view of the stem Burface of Altex from the

middle of the plant. Note the high density of wax

crystals (magnification x5,000).

3

C. Oblique view of the fruit surfacé of Altex from the
upper part of the inflorescence (magnification x5,500) .






Figure 20

A,

Top view of the stem surface of Tobin froyp the middle of
the plant. Note the even distribution of x crystals
(magnification x1,400).

*

Oblique view of the stem surface of Tobin from the
middle of the plant. Note the high density of wax
crystals (magnification x6,000). N

<

Obligué view of the fruit surface of Tobin from the
upper part of the inflorescence. Note the short wax

crystals (magnification x2,500).

-2
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Figure 2!

A.

Adaxial surface of an upper leaf of Westar prepared for
SEM by method A, showing a sheet of wax that has been
turned upside down (magnification x1,800).

3

J
Adaxial surface of an upper leaf of Westar prepared for
SEM by method A, showing dislodged wax crystals
(magnification x4,500).

v

Adaxial surface of an upper leaf of Altex showing
plate-like wax crystals (arrows) (magnification x7 OOO)

%
».\
- + S ) -

5.

Adaxial surface of an upper leaf of Tobin showing
filamentous wax crystals (arrows) (magnification
x8,000).

Adaxial surface of a middle leaf of Tobin showing a

branched filamentous wax crystal (arrow) (magnification
x7,700).

Q






Figure 22

A. Stem surface of Altex from the middle of a plant showing
rods (magnification x12,100).

B. Abaxial surface of an upper leaf of Tobin showing a
fused rod (arrow) (magnification x18,000).

=

~—

C. Adaxial surface of an upper-leaf of Westar showi%g fused
rods (arrows). Note the growth rings in these crystal
(magnification x22,600). -






Figure 23

A. Stem surface of Westar from the middle of the plant
showing plate-like crystals and fused rods (note arruws)
(magnification x16,000).

B. Stem surface of Altex from the middle of the:ﬁiant
showing the wax crystals at different stages of
development (arrows) (magnification x15,500). .

N
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Chapter IV

Chemistry of Canola Leaf Epicuticular Wax

A. Introduction

I+ has ©Dbeen dercns¥rated that the epicuticular wWax .S
one  of the factors  cinvo.ved in the difterent 1a.
susceptibility of B. napus and B. campestris 'C A
brassicae. The biclogicai properties of epicuticular waxes

are dependent on their physical structure and chemical
composition, and the ultrastructure of the’ wax 1S
principally determined by 1ts composit:ion (Baker, 1982).
The previous chapter dealt with the ultrastructure of wax 1n
che cultivars:of B. napus and B. campestris. The chemistry
of epicuticular waxés 1n rapeseed has soO far® been studied

f
only in three Europeon strains of B. napus (Holloway et al.,

1977). - This chapter reports on the chemistry of waxes 1n

four Canadian cultivars of B. napus and B. campestris.

106



B. Materials and Methods

1. Plant Material

The cult.vars of cancla used were Tob.n, “Cen8ie BY
campestris), Altex and Westar !B. napus). The p.ants were
growr as described in chapter 1. Since la:rge numbers o f

o

leaves were regu:red for wax extraction, a.. the leaves from

positions two to elght were used.

2. Extraction’of Wax

The wax was extracted from the Vleaf surfaces by
ymmersing the leaveslﬁndividualiy for two to three seconds
in 400 ml chloroform at room temperature with gentle
agitation. The chloroform extract was théeén filtered through
a Whatman #1 filtér paper applying vacuum (water pump),
evaporated overhight in a fume hood, and the wax collected
and weighed. The surface area of the leaves was determined
by tracing the leaves on paper, cutting the tracings out,
and comparing the weight of the tracings to the weight of a

known area of paper.
7
AT . :
3. Fr#ictionation of Wax
\
\

\

. a) 'Thin Layer Chromatography

Thin lafér chromatoé;aphy (TLC) was - used to

-

separate -the wax from the four cultivars into different

classes of constituents. Silica gel 60G (Merck) was

used as the adsorbent to make plates 0.25 mm thick using



¢
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cel 1o €L Tl of water were gl ilicient  tT Taxe [lve
e

clates YZT oo ok 2 T The s..:Ta w&s alvt.vatecs !
reating the plates &t C°C for o two o onours The wax was
fisscdved .n cnaoroforT 120 oo omli, and 2L oLl D othis
so.ution (5 1g of wax) was sportted Lver o Tt On Length
ct each p.iate. The plLates were then devel. .ped
benzene:hexane:ch.orcform (8 ), ai.owing the soliven:®
front  to  move "4 cm.  Some other sou.lvent Systemns were

al!o tried,
.t +the bands. These 1included benzene (Hoiloway et al.,
1977: Flore and Bukovac, 1978), benzene:chiorotorrm (7:3)
(Freeman et al., 1979), hexane and benzene:hexane (9:1).
After the plates were developed they w;re sprayed with
50% sulfuric acid in water (w/w) (Bukovac et al., 1979)
and heated at 150°C for 15 minutes resulting in charring
of the Dbands. Tﬂe plates were also observed under UV
light to help visualize the bands. A 0.5% aqueous
solution of the indicator Rhodamine 6G (Freeman et al.,

1979a; Leece, 1976) was also tried, but 1t did not show

the bands as well as sulfuric acid.

b) Semi-Preparative Layer Chromatography
Semi-preparative layer chromatography (Semi-PLC)
was used to guantitatively separate the wax from Altex
into di?fereg;} classes of constituents. Sj}ica ggl
plates 0.25 mm thick were prepared as previously

described and used for Semi-PLC. This technique was
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°

% .
> called Semi-PLC becduse preparative layer chromatography
(PLC) wusually involves plates of at least 1 mm
bd thickness. - 25 mg of wax per” ! mm thick plates was
r ¢

tried; hOweyerv the separation.of «the bands was not as
good >as in the thinner plates, so only 0.25 mm thick

és plates were used. The wax was spotted on the plates,
R ¢ * and the plates geQeloped as descriped abpve. After the
& ; platés yefe developed, CQ% vertical &dges of each plate
gsb were sprayea with 50% sulfdric acid i;'water (w/wa‘aéd

tﬁd ' . heated at 75°C for 30-40 minutes resulting in Sliqht
3 ;

Py 3

. - charring of some of the bands. The temperaiure used

here was lower than that used for TLC, because the bands

5 .6

“/( were  to be further analysed, and the higher temperature

- might have altered the wax fractions. The plates were

thgngpbséryed undef UV light to outline the bands, using
,gh; spray@d‘verticgﬁ edges as a guide. fn addition to
‘ s A -this, some-gf 1herbands in the unsprayed middlé portions
;,céuld be ‘seen as darker %%eqsf“which helped in outlining

tﬁém:. The bands.from(the ﬁnspraged middle po;tions of

20 plates were scraped off into sépafate glass 'columﬁs

“(1 cm x 20 cm): Anhydrous, ethyl ether (Et,0, 50 ml) was

pgssed through each column and collected in round bottom

flasks (Holloway and Brown, 1977). The ethyl"?ther was

then evaporated using a |.¢ggh evaporator,
11 <

fractions analysed by TLC. - .

1

and the



c) Column Chromatography
Separation of the wax from the cultivar’ Altex was
also done using a slilicic acid column based on the work

done Py "Tulloch and Hoffman (1974).  Silicic acid

(Biosil A, 100-200 mesh, 100 g) was used in a 30 cm x

3.5 cm column. 1‘g of wax dissolved in hexane (50 ml)
was loaded on the column. The following series of
solvent systems, from non-polar to polar, were t hen
passed through the column: '

hexane (SOb-ml)

hexaﬂe:Et,Q’(99:1, 1 1)

hexane:Et,O,Jé9:1, 2.5 1)

hexane:Et,0 (98:2, 1 1)

hexane:Et,0O (97:3ﬁ 1.5 1)

hewene:Et,0 (96:4, 1.5 1)

hexane:Et,0 (96:4, 3.5 1)

hexane:Et,0 (93:7, ] 1)

hexane:EizO (92:8, 1.5 1)

hexipe:EtZO:ethanol (70:2?:5{ 1.5 1)
The eluent fractions were -Zollectgd and concentrated

using a redistillation apparatus. The fractions were

then analysed by TLC. .

—

»

Infrared Spectroscopy

Infrared spectroscopy (IR) was carried out for the

fractionated Altex wax obtained by Semi-PLC, using a Nicolet

7199 FflR spectrometer.

>



5. Gas-Liquid Chromatography

The waxes from the four cultivars and some of the
component classes of the wax from Altex obtalned from
.Semi~PLC, :were dissolved 1in chloroform and analysed by
gas-liquid chromatography (GLC). { w1 (10 ug) of each

sample was chromatographed wusing a Hewlett Packard Model

5830H gas chromatograph. Flow rafe of the helium carrier
_gas was 50 ml/min. The chromatograph was fitted with a 3 mm
x 1.2 m stainless steel column containing 1% Dexil 300
(Holloway et al., 1977). The oven temperature was

programmed to increase from 120°C to 330°C at a rate of
3°C/min, based on the work done by Bukpvac et al. (1979),
~Cowlishaw et al. (1983), Flore and sakBvac (1978), Macey
and Barber (1970) and Tulloch $1983). The injection port
and the hydrogen flame ionization detector tempgratures were
325°C and 330°C, respectively. Identificatién of n-alkane
peaks was done by comparison of peak retention times with
retention times of = the known hydrocarbon analytical

standards {Analabs-New England Nuclear; PolyScience

Corporation).

4
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C. Results and Discussion

1. Amount of Epicuticular Wax on Canola Leaves
A two to three second extraction of the leaves 10

r
chloroform was used, which was shorter than those reported

in the literature. This treatment appeared to be sufficien:t
to remove the epicuticular wax. After drying, the extracted
wax had a clean white color. I1f the leaves were dipped 1in

chloroform much longer, the resulting wax had a greenish
tinge. This was especially true for the B. campestris
cultivars. This indicated that an extraction time of more
éhan about three seconds resulted in the extraction of more
than Jjust the‘epicuticular wax. Table 3 shows the amount of
wax on the leaf surfaces of the four cultivars of canola.
This is an average for both surfaces of the leaves from
positions two to eight, sampled two to three times, with an

average sample of 2600 cm? of leaf area. The two cultivars

of B. campestris (Candle and Tobin) showed similar amounts

'

Table 3

Amounts of Wax on the Leaves of
Canola.

Cultivar Wax (ug/cm?)
Candle 43
Tobin 39
Altex 92

Westar 104
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0f wax and sc did those of B. gapus (Altex and wWestar) as
well. The B. napus cultivars had more than twice as much
wax as the B. campestris cultivars. This indicates that the
presence of two to three times the amount of wax on the B.
napus cultivars relative to that in B. campestris is enough
to confer lower susceptibility to A. brassicae.

The relative amounts of wax on the leaves of different
plant species can vary considerably, ranging from a few

ug/cm* to several "100 ug/cm?® (Baker, 1982).

2. Chemistry of Canola Leaf Epicuticular Wax

a) Major Classes of Constituents

The extracted wax from the four cultivars was
separated into nine bands on TLC plates (Eig. 24) .
These bands represented nine different classes of
constituents, which have been identified from IR spectra
(Appendix 1) and from comparison with data presented by
Bukovac et vgl. (1979), Flore and Bukovac (1978),
Holloway et al. (1977) and Knowles and Flore (1983).
In the order of elution on TLC plates, the classes of
constituents included alkanes, esters, ketones,
éldehydes, sec-alcohols, ketols, prim-alcohols,
triterpenols and fatty acids (Fig. 24). Figure 24 shows
the waxes from the four ' cultivars separated by TLC,
sprayed with 50% sulfuric acid and heated at 150°C  for
15 minutes. It - can be seen that all four cultivars

contained the same bands, each with similar density



ey

(Fig. 24). In this photograph the s:ixth and eighth
tands are faint, but can be fas:ly seen under UV light.
when TLC plates were heated at 75°C for 30-40 minutes,
+he bands were not charred as much, and showed up as
colored bands under UV light (Fig. 24).

. 1

Thus, alil four cultivars contalned the same njine

classes of constituents. Holloway et al. (1977) also

reported the same nine cYa%ses 1in three lines of B.

napus (Nilla, a Nilla mutant and a Rigo mutant). Flore
and Bukovac (1978) and Knowles and Flore (1983) reported

all these classes of compounds 1n the wax of cabbage
except for the triterpenols. The perceﬁ% composition of
each class was determined for Altex wusing Semi-PLC
(Table 4). It can be  seen that the alkanes make up
almost 50% of the total wax. The esters and

sec-alcohols are the next most abundant constituents.

b) Major Constituents

The waxes from the four cultivars and some of the
component classes of the wax from Altex vere examined by
GLC in order to obtain information on the major
constituents present. The general pattern of.wax chain
lengths was very similar for the four cultivars (Figs.
25-28). The major constituents were C,, alkane, C,,
ketone, C,, sec-alcohol and ~C.,—C.; esters (Figs.
25-28). These GLC-tracings matched closely with those

reported for cabbage (Flore and Bukovac, 1978) and for

t al., 1977), The C,, ‘alkane peak

rapeseed (Holloway
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Table &

wax Classes

P
gt
of Altex.

Percent Composition of the Ma:
from the Leaf Epicuticular Wax

Component Class- . (%)=

Alkanes 4
Esters i
Ketones
Aldehydes
Sec-Alcohois 2
Ketols 1
Prim-Alcohols 7.
Triterpenols ' 5
Fatty Acids ]

O — w000 ww

* Percent composition determined from total wax
recovered from Semi-PLC.

on these GLC-tracings was identified by comparison %ith
the GLC-trace of the alkane fraction (Fig. 29)x which
was identified by comparison with an n-alkane standérd.
C,, alkane was the major alkane present. Figufe 29
reveals that other alkanes were agalso present 1in %mall
amounts, such as C,,, C,, and C,,, as identifiedbwith
the help of n-alkane standards. The esters ( C,,-C.,,)
were identified by comparison with the GLC-trace of the
ester fraction (Fig. 30) and based on the data reported
by Flore and Bukovac (1978). The GLC-trace of the ester
fraction also showed some C,, alkane and C,, &etone.
These were also demonstrated by °TLC. No other wax
fractions besides the esters had carbon-chain lengths in
_the range of C.oC.u. The C,, ketone peak was

identified by comparison with the GLC-trace of the

ketone fraction (Fig. 31) and from data reported by
[ ]



r

F.ore and Bukowvac (187 E) Filgure shows that O ..
ketcne comprised a.most a,. of the ketcne class. Tre
N
C,. sec-a.cohol peak was :dentif.ed from the GLO-trace
cf the sec-alcohol fraction (F:ig. 22) and from data
reported by Flore and Bukovac (1978). This was the

major sec-alcohol present, but Figure 32 aiso shows the
presence of some sma.ler carbon-chain sec-alcchois.
Figure 33 shows the GLC-trace for the aldehyde fractron.
1t can be seen that the aldehyde class was composed of
many constituents, ”with no one dominan; const ituent
(Fig. 33). Figure 34 shows the GLC-trace tor the
prim-alcohol fraction which showed ;hree to four major
constituents. Holloway et al. {(1977) reported that the
major prim-alcohols in the rapeseed lines they studied
were C.,. C... They also reported that the major
triterpenols in those lines were a-amyrin and B-amyrin,
and that the fatty acids were in the range of C,.-C,,.
The triterpenol fraction from Altex was not examined by
GLC, because no standards were available for comparison.
The fatty acid fraction was not examined, because
derivatives of the fatty acids would have had to be made
and different GLC conditions developed to analyse them.
The separation of wax into different classes of
constituents by the use of column chromatography was nct
és successful as that by using Semi-PLC. The fractions

collected did not contain individual classes ot

constituents; instead, they  usually contained two or

-
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D. Conclusions

The chemica: TLoTLLSIt LT e enLTUTICuLal  waxeg S
reported  for  the  first tine for tne Canat.an ToltTvars
carc.a. This is aisc the first study of .*s  k:mg o for B
Canpestri.s. 4

A short three second extraction on chivrofaors  appeate!
+o be sufficient tc remove  the leaf epicuticCular wax !

canola. This indicated that some wax extractions repclited

8]
a}
o}]
lnd

in  the li1z ture may have been too vigerous for removal ot
just the eplcuticular wax. The amcunt of eplcuticu.ar  wWax
on B. napus leaves was over twice that on the B. campestris
leaves,

The general chemical composit ‘on of the leafl
epicuticular waxes was very similar 1n all four Multivars
studied. Thus, waX chemistry does not seem to be
responsibl vfor the differences in susceptibility of B.
napus and/ B. campestris to A. brassicae. The waxes

consisted of nine major classes of constituents, which

‘A &

included alkanes, esters, ketanes, aldehydes, sec-alcohols,

ketols, prim-alcohols, triterpenols and fatty acids. The
[

major constituents of the waxes were C,, alkane, C,, ketone,

82, sec-alcohol and C,.-C.., esters.
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Figures and Legends
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Wwax (' mg) from each of the tour cu.tivars of cano.la was
spotted on a TLC piate, developed with
benzene:hexane:chloroform (8:1:1), sprayed with 5Ux sulfuris
acid and heated at '50°C for 15 minutes.

Nine bands were present for each cuitivar, with about the
same density for each cultivar.

Wwhen the TLC plates were only heated at 70°C, the bands were
not charred as much, but showed.up as colored bands under UV
light, as 1ndicated belcw. ‘ 7

A:Candle, B;Tobin, C;Altex, D;Westar

Band Composition Color under UV
! alkanes white to yellow
2 esters yellow to orange
3 ketones | blue
4 aldehydes yellow
5 sec-alcohgls yellow to orange
6 ketols ! blue
7 prim-alcohols yellow to orange
8 triterpenols orange
9 fatty acids yellow to brown

o






[
LT

~
<o
«d
<

325e211-2719

Gz 8anbry



123

(Viw) swil v

TOYODTR-D35 ‘1)

8

SUO3aY,* D sueyte **'D

i

“a

X 1e7N21IN51dE jBAT UIQOL 10] 89813-379
t B ) 7

’

~ : 9z @inbtyg

, | /
/




124

1Ly el
<. 23 o= o ct ¢ Ot
—— - S .~ A B T Y

"ro-"') $1813S9 . sl

TOY®DdTR-238 ‘')

/ u

-~ IJuolIaY ‘') aueyte *') .

xem zetnotinoidg jeaT X33TY 103 30813-D719

Lz @anbta



125

(dta) suwtg
36 0% 0¢ 0¢ ot

- T T 1

v

-.Uleou

S193S39

T A
N

cyocoTte-29s ‘')

3 I
L : : 1

duo3ay ‘') sueyte *!'> 3

L 4

xem ieTn> 3not1d3g jea] 1e3saM 103 mumpuuumw

4 :
8z @anb1g



126

(utw) ewig ’
. :9 0s oY 0t 0¢ 0l
M ~ Al Y T T T
®
&\ [
%
sueyTe ' tH “o \,a
- o
- -
OO
L s u
7

sueyte *1)

/./
X oM umﬂzuﬂu:uﬂmijmmq
|

30BI4 aueYTY 3Yys 1037 8o5e13-2719

62 2anbtyg



[P S

<

=
QL
€&

0t 0¢ 0l

.oUlo.U

S133S9

auUOIaY

X937

~L
t
O
.
“ 4
<
O
o

aueyte ‘')

XeM pmﬂsuﬂuguwam.uqu
SPI4 219383 Syl 103 32e11-D19

0¢ 2anbra




(LUTa) swTy

xem 1etnotinotda jean

X337y 4Ci; JOTadelj dUO03IdY Ayl 103 9d2BII-DID

L¢ @anbtyg



(@A '

O

2
o
<2
=
D
"

0¢ 0l

. ToyooTR-23s ‘')

“

xeM 1etnotanotdg jea

X33T¥ WOJj UOT3Id®14 [OYODITY-23S 3yl 103] 8de13-D719

Ze @anbry



ERCTRRR R 1 RO
>3 °S oY ot 32 ol
Y v T T T
M
xem iernotrindotd3g jeaq
JITY LC1j uttuicelg 9TAYSPIY 8yl 103 82e131-D19

£g aanbryg



u?

xem 1ernorinoida jeaq

X331y wWolj uoridead [OYOOIY-wlid 343l 103 8de13-079

pe aanbry



Chapter V

General Discussicn and Conclusions

A. Canola Epicuticular Wax verius A. brassicae

The goa. of this project was (o gather more inliormation
on the importance of eplcuticu.ar  wax i conferring
resistance 1in cano.a to A. brassicade. This intormatiac
should Dbe poteb;ially useful in breeding cultivars ot
canola, especially species such as B. campestris that are

susceptible to A. brassicae.

| The leaf épicuticular wax of canola appears o confer

lower susceptibflity to A. brassicae i1n at least three ways.
/o -
The first is that the wax creates a hydrophobic surface

P

which decreases the retention of water-borne inoculum ot A.
brassicae. This factor, if considered alone, probably has

the biggest impact on reducing susceptibility of the

glaucous B. napus cultivars to A. brassicae. Two other
phenomena must, however, Le considered in this context. The
first is that the surface of A. brassicae conidia are

hydrophobic (Tewari, 1984), like that of the plant surtace.
The second is that Davis (1961) found that when a droplet
carrying spores falls on and rolls over a hydrophobic plant
surface, any hydrophobic spores floating on the surface of
the droplet and brought into contact with the Plant surface
will tené to be deposited at the rear of the moving droplet,
whereas hydrophilic spores (being submerged) will stay with

the droplet. Since the <conidia of A. brassicae are

132



hydrophoric  cre  TLGhRT expect oT4re ConiZig Do TeTaln Lnotne
core hydrophohbic surfaces. Hiwever, 1t was ShOwno tnal thls
1§ ot what happens, poussib. pe ause some Crop.ets Ui owater
contar.ing con:dia  bounce off the surlace rether  tnar
landing and rolling off 1t.  Also, most of the conidia of AL
brassicae become subrerged soon after they are suspencec 1n
water Therefore, the hydrophobicity c¢i most of the conid:ia
is short lived. Obviocusiy, in this particular situation,
the interaction of the water droplets and the hydrophobic
surface outweighs the interaction of the initially

hydrophobic conidie and the hydrophobic leaf surface.

‘ There may also be an 1nteraction between an hydrophobic
C N

leaf surface and dry ailr-borne \spores. Forster (1977)

studied the deposition of ldry,4/ alr-borne spores of

Lycopodium on the leaveg, of Sitka spruce. By comparing
leaves with varying amountélof wax and leaves with the wax
removed, Forster found that spore'deposition was correlated
with the amount of wax present. Forster proposed that this
was due to the wax creating a rough surface, which reduced
the . kggUC1ng off of dry air-borne spores.
Nﬁﬁ '&' RN

he second way in which the leaf epicuticular wax of
canola confers lower susceptiﬁility to A. brassicae is that
the germination rate of conidia is less when the lpaves are
glaucous. 1t was found that wiping the wax off ta leaves
increased the germinaton rate of conidia. This phenomenon

is most likely due to the effect of wax on the diffusion of

leaf exudates into droplets of water containing conidia.



Nercval Lt tne wax a..owed a areater ava..aii..ty i leal
exutates, wh.on &y SsT.T..ate e coigia to germinate
faster Tre gst.mllatcry effect of leal exudates was aist
lerornstrated by the fact  that the germination rate !
fonidia on wiped  glaucous  leaves gnd on wiped Of Chw ol ped
Lo GlauCous leaves was often nhigher than that b distiL.ed
water

The third way 1n which the leaf epicuticular wax !

canvla conters lower susceptibility to A, brassicae s that
+he number of germ tubes produced by a conidiur 1s  less  or
glaucous leaves reiative to that on the non-glaucous leaves.
This phenomenon, like that of reduced germination cate, 1S
most likely due to the effect of wax on diffusion of the
ieat exudates. When the number of germ tubes 1s decreased,
it should have an effect similar to having fewer conidia
present. The fewer germ tubes a conidium produ.es, the less
are the chances of i1nfection qfcurring. With fewer germ
tubes and slower germination of conidia on glaucous lieaves,
fewer conidia may have time to germinate and penetrate tﬁe
leaf before the film or drop ot water they are in dries up.
This wéuld likely be a very important factor 1in reducing
infection by conidia present’ in the morning dew. The
conidia would only have a few hours, at the most, to
germinate and penetrate the leaf before the dew droplets and
the conidia with them dry up.

Thus, when/;%e effects of these three factors are added

together the effect of epicuticular wax in conferring lower
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e was a.sc derterm.ned tnat tre _eal epicuticLlar warx
¢ ~anu.a has oo fung.static effect on the Conicia ol AL
brass:cae, ewven tnOuUgh the germinat:on rate of conidia on
g.auccus .eaves was sometimes less than that in distilled
water. One possihle explanation for this phenomenon couid

be that some con:dla were depbsited o™ the glaucous leaves
wilthout the presence of any appreciable quantity of water,
and thﬁgimay have germinated slowly or did not germinatg at
ali‘-due to the rapid drying. This would decrease the
percent germination in such a treatment and make 1t appear
as :1f 1t was a fungistatic effect.

Thus, it has been demonstrated that t he leaf
epicuticular wax 1n canola 1s involvea in conferring
resistance to A. brassicae. A study of the " wultrastructure,
amount and chemistry of the wax was undertaken to determine
if these aspects are important as well 1in regulating the
susceptibility of canola to A. brassicae. .

It was determined that there were no significant
differences in the ultrastructure of wax 1in the four
cultivars of canola studied. The surfaces of these canola
cultivars were found to be: covered with an evenly
distributed layer of wax’vcrystais superimposed on an
amorphous layer of wax. There.appe&red to be at least three

%
types of wax crystals present. éaThese included plate-like

»

crystals; filamentous, sometimes branched crystals, and

Y
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TozE Lregent §ITgLy LT ISTIDITT DoTAS Tre cens.ty L otrne
wer TIvStals veriel LT Lot ar Sitivar aerc Lroo e
Lart  2f  tne  plant 17 anctner, Dot all the plats s.rfares
st sdied nad the same tyLes of wax Trystals. AT LT[l Ttant
aspect  Lf  the wax Crysta.s was nat many of then were
-

porocecting away from the plant surfare, forming  a Tlores:

of wax Ccrystais. ThIs 1S5 an  important factocr 10 the
hydrophoblc effect imparted by the wax. Also, when dicp.ets

of water s:it on a .eaf surface a pocket of air s trapped
between the droplets ana}iﬁhe leaf surface, which would
decrease any exchange Lffexudates between the surface and
the droplets.

Some; trepnds such as the density of the wax on Leaves
and fru}ts appeared to be species specific, whereas the
density of the wax on the stems did not. The density of the
wax was high on the stems of all ftour cultivars. Also, the
younger leaves of B. campestris often had a much higher
density of wax than the older leaves. It was found that B.
napus had on an average better than twice as much wax as
that present in B. campestris.

The chemistry of waxes from the four cultivars was also
studied. It was determined that the general chemical
composition of the waxes is very similar for all four
cultivars. The waxes consisted of nine major classes of
constituents. These included alkanes, esters, ketones,
aldehydes, sec-alcohols, ketols, primvalcoﬁols, triterpenols

and fatty acids. The major constituents of the wax were C,,

[
hd
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ilkane, c,, ketone, C,, sec-alcohol and (,,"C,, esters.

The only significant difference between §..nagus and B.
camgeétris was in the amount of epicuticular wax. This
means that the effect of the wax on ‘sygsceptibility to A.
brassicae is due just to the amount of wax present and not
to any differences in ultrastructure oOr chemistry. This
indicates that 1ig ®Brder to reduce susceptibility 1n canola
to A.’ brassicae, plant breeders would only have tc breed for
increased wax producfion in B. campestris and not for any
changes in ultrastructure or chemistry of the wax. Brassica
'camgestris has the genetic potential to produce large
amounts of wax, as gvidenced by their glaucous stems, and
their somewhat glaucous young leaves. The synthesis of leaf

epicuticular wax in B. campestris appears to stop oOr slow

down as the leaves age.
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B. Suggestions for Future Studies

The effect of epicuticular waxes on pﬂaﬁt processes
such as photosynthesis and parameters such as growth and
yield should be studied before a breeding program 19
“initilated. Cameron (1970) studied the effects of various
amounts of wax on photosynthesls using Eucalyptus leaves.
He observed that increased wax deposits reduced the
capability of the leaves to absorb light of wavelengths
400-700 nm. He noted that when the amount of light was
below that required for light-saturated photosynthesis,
leaves with the wax wiped off had higher rates ofA
photosynthesis than did leaves with the wax intact. This
indicates that glaucous plants may be at a disadvantage when
grown in shaded areas. However, the amount of wax should
not affect photosynthesis when there 1s plenty of sunlight.

A major area that needs to be examined 1s that of the
leaf exddates and their effect on germination of conidia of

>

A. brassicae. This. thesis provided indirect evidence that
the conidial germinatién is stimulated by leaf exudates.
Theé role of leaf exudates may not be the same for all_ the
cultivars of rapéseed. Sharha and Gupta (1978) studied leaf
leachates from tgree cultivars of B. campestris grown in
India. They found that the exudates inhibited the conidial

germination of A. brassicae and A. brassicicola. Neither

the amount of leaf exudates nor their composition are known
for canola. A comparison needs to be made between B. napus

and B. campestris to quantify and identify their leaf

-
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exudates, since they appear to play a rolie in infection by

A. brassicae.

Direct effects of wax on the movement of foliar
exudates shoulg,also be studied. This could be done by
monitoring the leaching of exudates on leaves with and
without the wax wiped off. Also, model systems could be set
up using isélated wax to study the diffusion impedance
properties of the wax.

Another area that would be very interesting, i1s the
recrystallization of wax and wax constituents to study the
relationship between chemistry and ultrastructure of the
wax. This area of research also has the potential of
answering questions as to how the wax 1s transported to the

plant surface.
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